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Robert A. Wolf, Head 
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SUMMARY 

/The integrated seat concept has potcntlal saluc plllllarll\ ds d 

means for promoting Increased use by automobile occupants of restraint 

systems. Lap belts and appropriate upper torso restraints that are attractlttly 

integrated Lvlth the seat structure and that are convenient to use should 

prollde early payoff In Injury reduction In head-on impacts, the maJor 

source of InJuries and fatalltles in both rural and urban accidents. If 

more use of lap and upper torso restraints can be achieved, 1nJurles can 

also be reduced In a secondary source, rollover accidents. Lateral re strz int 

and protection against compartment penetration are required before Injury 

reduction In side Impacts can be achieved. Occupant restraint for rear 

impacts may be achieved with yielding seat-backs and appropriate head 

rests. 

All of these requirements should be achievable to some degree in an 

integrated seat design. A program 1s recommended that 1s directed toward 

the short term determlnatlon of performance requirements for this mtegr,Lted 

restraint system and toward long range research and de\ elopment to prove de 

lmproked Integrated occupant restraint. 
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1.0 INTRODUCTION 

The general concept of an Integrated safety seat for passenger 

type automobiles 1s frequently proposed as one possible means of lmprovlng 

the protectron of occupants In colllslons and other hlghway accidents 

lnvol\ lng Impact. For purposes of this study an Integrated Safety Seat 1s 

defined as one In \xhlch the major components of the occupant restramt 

system are functionally incorporated into a seat structure which in turn 1s 

designed to carry the Impact reactive forces of the occupant through It and 

into the x ehlcle structure. This prlnclple may apply to mdlvldual type 

seats or bench types and would admit such concepts as 3 or 4 point 

harness systems, tilt seats, retractable clamp type devices, etc. The 

hope 1s that the concept can be realized In forms with Improved restraint 

system effectiveness and with sufflclent convenience and styling appeal 

that they ~~111 Induce people to buy and voluntarily use restramt systems 

which otherwise xbould not be tolerated by the majority of motorists. 

In contrast, another basic approach to Improved passenger 

restraint 1s the development of an Integrated Statlon In which the restralmng 

function 1s accommodated by a restraint system (seat belt attached to 

floor) \torklng In comblnatlon with other vehicle structural elements such 

as steering assemblies and door paddlng (driver station) or cut-away 

Instrument panels for Jackknlflng clearance (right front passenger station). 

The trend of such evolution m American cars 1s arbltrarlly characterized 

as the Integrated Statlon approach and 1s outslde of the scope of this study. 

The present phase of American restramt systems may be characterized 

as “the seat belt era” and It 1s assumed that a next phase will introduce a 

new generation of three point restramt systems, an “advanced” form of 

harness type restraint not yet subJected to large scale public acceptance 

trials. Presently axallable harness systems are so crude and cumbersome 

that In a full vehicle mstallatlon the car lnterlor becomes a dlstresslng 

clutter of straps, buckles, fittings, and obstructions to entry and egress 

that discourages even the most fervent safety cnthuslast. 

1 YB-2499-V- 1 



This study does not Ignore the statlon approach but it seeks 

to explore the potential of the Integrated seat approach as a scparatc tntlty 

and to outline a progranl to maxlmlze Its performance and to dctcrmlnc 11 s 

rclatl\c btneflts compared to the statlon system, 

A strong emphasis In this study IS placed on improving 

“con\enlence”. The term 1s used here not only to mean conLenience in 

entry to and Lgress from the ~ehlcle, ease of adJustment to the occupant, 

and comfort \\hlle \\carlng, but also to Imply that tht atsthttlc scnst mu=t 

be satlsfled. In other words, we are seeking a solution which 1s not only 

tcchnlcall) sound but also aesthetically acceptable. 

The Ideal restraint system \\ould be one which zs not blsually 

apparent and would require no active partlclpatlon bv the user. The safety 

door latch 1s an example of an effectlbe passl\c restraint dexlce which 

keeps passengers lnslde of the car during an Impact. Its function 1s to 

reduce ejection of passengers through doors that open under impact. 

This 1s a partial restraint function but unfortunatclb, Eden with closed 

doors, the passtngers art still free to be thrown \lolcntl> about lnslde of 

the car and to be rnjured by contacting surfaces, structures, and controls 

In the so-called “second colllslon”. Thus, eken with a first stage of gross 

rcstralnt (safety door latches), a second stage (lndlvldual passenger 

restraint) LS ncedcd to allo\\ the passengers to decelerate lath the car, 

and 1~ lthout 1 lolent contact with lnterlor components of the L ehlcle. Th< 

familiar lap belt, effectice as It is, reaches only part way toward this poal 

and It does not pre\ent contact impact \\lth such objects as steermg 

assemblies, \\lndshlelds, control knobs, Instrument panels, door posts 

etc. Also It 1s not widely used. hlost usage sur\ eys she\\ that only about 

one third of the people ~vho ha\c them consistently use seat belts e\en 

though the) are being made more appealing through use of retraction reels, 

simpler buckles, etc. 

11 
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In summary, the main question facmg this mvestlgatlon 1s: 

Can a more effective and more convcnlent 

lndl\ ldual passenger restraint system be 

reached through the Integrated seat concept 3 

The purpose of this study 1s to revleu and restate the basic 

restraint system functions, describe various Integrated seat concepts 

and outline both a program of needed research and a program to define, 

design, develop, and evaluate promlslng examples of integrated seats. 

In this manner, the way may be pomted toward eventual speclflcatlon of 

safety performance requirements and compliance tests for appllcatlon of 

the prlnclples to passenger carrying motor vehicles. 

Performance ObJectlves 

The deslrcd overall obJectIves of an Integrated safety seat 

de\clopment program are to provide concepts of passenger restraint with 

lmpro\ cd - - 

Comfort 

Convenlenc e 

Aesthetlc Appeal 

Effectlvene ss 

over the current generatlon of seat belt and harness type restramt systems 

which are attached to the vehicle body structure. 

3 YB-2499-V-1 



Functional goals are : 

. Improved restraint from all dlrcctlons 
of Impact -- front, side, rear, and 
rollover . 

. Upper torso restraint. 

. Improl ed head restraint. 

. Mlnlmlzatlon of contact InJury. 

. Tolerable freedom of movement 
while rldlng , 

. Ease of adjustment to persons of both 
sexes and of Larlous sizes. 

. Fixed restraint system geometr) , e. g. , 
not crltlcally changed by fore and aft 
seat adlustment. 

. Maximum use of energy absorption In 
the seat structure and mountings. 

. Avoldanc e or mlnlmlzatlon of passenger - 
to-passenger impact. 

. blmlmlzatlon of Injury induced by restraint 
system Itself. 

The ln\estlgatlon of potential effectiveness (Sectlon 2 of 

this report) has been approached by means of (1) a r<vlew of the exlstlng 

state of hno\sledge of pertinent accident statlstlcs, (2) a re\le\\ of pertlncnt 

human tolerance data, (3) p re lmlnary appllcatlons of an existing CAL 1 

analytlcal slmulatlon of the crash victim for longltudmal Impacts, 

(4) prellmlnary analytlcal studies of the problems of lateral impact and 

rollover, (5) a re\le\\ of exlstlng Integrated seat concepts In the open 

literature, and (6) dlscusslon with automobile and equipment manufacturers. 

On the basis of the findings, a dlscusslon of needed knowledge 1s presented 

111 Sectlon 3, and a program of recommended research, development and 

e\aluatlon 1s outllned zn Section 4. 

Y B-2499-V- 1 



The recommended program 1s divided Into two phases: 

Short Term: A set of tasks which may be undertaken lmmedlately 

and xhlch ~111 provide useful output In about 

a year from initiation. 

Long Term: This encompasses a set of tasks which can be 

started wlthm a year but may require several years 

to produce results, 

Estimated costs of future research are discussed In Sectlon 5, 

and a list of references 1s presented m Section 6. 

Y B-2499-V- 1 



2.0 STATE OF KNOWLEDGE 

2. 1 Automobile Accident Statlstlc s 

It 1s the aim of this sectlon of the report to present actual 

hlgh\\ay accident statlstlcs on the types of accidents that are most 

prevalent and to thereby establish which areas of research on occupant 

seating and restraints ~~111 be most beneflclal to the motoring public. Th, 

following t\\o sets of accident data were examined, one published by the 

National Safety Council and the other from ACIR fllc s. 

2. 1. 1 Natlonal Safety Council Data 

To estimate the relative Importance of various 

dlrcctlons of Impact, use 1s made of accident data published on page 46 cjf 

“Accident Facts, 1967 Edltlon”. The results will have to be taken wclth 

extreme reser\atlon due to the nature of the basic data and due to the 

slmpllfylng assumptions made m the estlmatlon procedure. The crucial 

points are as follo\\s: 

1. The accident data are from 23 states and 170 cities 

(0~ er 10, 000 population) only. 

2. The cltles are not necessarily ,111 In those 23 states 

although a spokesman of NSC thinks that the urban and rural data can be 

lalrlb safely combined. 

3. The data Include all motor vehlclcs, 1. e., buses, 

trucks, motorcycles, cars, etc. 

4. Excluded are several types of accidents, for txaml>lc those 

ln~ol~lng pedestrians or parked cars or fixed obJects on road, accident 5 -- 

Automotl\e Crash Injury Research proJect at CAL 
sponsored by the Public Health Ser\lce, Department 
of Health, Education and Welfare, and the Automobile 
Manufacturers As soczatlon. 
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connected with drlveways, and others. The exclusions amount to 42 percent 

of all reported urban accrdents In the 170 crtles and 34 percent of all 

reported rural accidents In the 23 states. It 1s lmposslblc to determine the 

effect of these exclusions on the following analysis. 

5. Only fatal accidents were shown as a separate category, not 

InJury accidents. 

6. The basic number of accidents (total and fatal, urban and 

rural) was given In four categories: 

4 Head-on colllslon 

b) Rear-end colllslon 

c) Angle colllslon 

4 Ran-off road (which Includes rollovers 
wvlthout collision, object colllslons, and 
therr combmatlons). 

7. For estlmatlon purposes the followmg assumptions were 

ma de : 

4 Each head-on colllslon involves two 
vehlclcs, both In a frontal impact 

b) Each rear-end colllslon involves two 
vehicles, one in a rear-end impact, one 
111 a frontal Impact 

cl Each angle colllsron involves two vehicles, 
one In a side impact, one in a frontal impact 

m 

im 

m 

4 Each ran-off accident mvolves one vehicle. 
ACIR data has shown that rural ran-off 
accidents are composed omtal Impacts, 
side Impacts, and rollovers m proportions 
of -15-10-45 percent. Based upon this 
lnformatlon and allo\\sng for a lesser 
frequency of rollovers in cltl&s, the urban 
ran-off accidents were allocated In pro- 
portions of 68- IO-22 percent, 

Ob\lously, the number of vehicles thus 
estimated 1s somewhat low, there bemg 
accidents wvlth three or more vehicles. 

Y B-2499-V- 1 
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8. It was assumed that each fatal accident lnvolvcs Just one fata 

L chicle (vehicle with a fatality In it). Of course, this 1s also underestlmatlon, 

thtre bemg accidents with fatalities In more than one vehicle. 

9. Finally, It was assumed that In head-on colllslons and anglt 

colllslons the relatlce frequency of fatal vehicles was the same among 

striking vehicles as among struck vehicles. On the other hand, for rear- 

tnd colllslons It was assumed that the relative frequency of fatal vehicles 

among struck vehicles (rear Impact) was one-half of that among the strlkmg 

L ehlcles (front Impact). 

With these provisions and assumptions, 

the following summary: 

Risk: 
Fatal 

calculations result i I 

Events: Vehicles 
Number of per 1000 
Accident Accident 

Result : 
Number oi 
Fatal 

Vehicles Vchlcles Vehicles 

Urban 
Front 
Side 
Rear 
Rollover 

5,940,ooo 0. 73 4,300 
1, 850,000 0.71 1 320 
3,000,000 0.09 270 

110,000 4. 36 480 

All Urban 10,900,000 0. 59 6,400 

Rural 
Front 2,395,ooo 5.43 13,010 
Side 5 10,000 4.51 2,300 
Rear 800,000 ET3 540 
Rollo~ er 495,000 8. 18 4,050 

All Rural 4,200,000 4. 74 19, 900 

- 
All Vehicles 15, 100,000 1. 74 26, 300 

- 

To show emphasis, the four leading figures III each column are 

underscored. 
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2.1.2 Automotive Crash Injury Research Data 

A tabulation of nearly 25, 000 accident cases In the ACIR 

files has been formed to aid in deflnlng types of accidents and causes of 

lnlurles sustained by occupants for which an integrated seat design may 

prove to be most beneficial In reducmg the frequency and/or severity of 

lnluries. The data were obtained only for “pure” accidents, 1. e., graTlng, 

s idesm lpes, and various types of angled hits were omitted. The general 

classlflcatlon is as follows: (1) frontal impact, from 11 to 1 o’clock 

(12 o’cloch being the front-center of the car), (2) side impact In the region 

of the passenger compartment, from 2 to 4 o’clock, (and 8 to 10 o’clock), 

(3) side non-compartment impact (fender regions), (4) rear impact, 

from 5 to 7 o’cloch, (5) rollover without a colllslon, (6) rollover before 

a colllslon and (7) rollover after a colllslon. 

The relative frequency of occurrence of these types of accidents In 

rural areas (ACIR cases represent predominantly rural area accidents and 

only those in \\hlch at ltast one occupant was 1nJured) 1s shown In Table 2. l- 1. 

This table also presents lnformatlon for comparing the severity oi the 

accidents, frequency of dangerous or fatal InJurIes sustalned by front seat 

occupants (drller and right front passenger) and how often these occupants 

15 ere eJected from the \ ehlcles. From Table 2. l- 1 it may be seen that the 

mnJorlty of all accidents \\ere frontal colllslons with nearly 10 percent of 

this type classlfled as sclere or extremely severe accidents. Rollover 

accidents are the next most frequent type and are more often of a greater 

sex erlty, particularly if the vehicle 1s Involved In a colllslon either before 

or aiter 01 erturnlng. A larger percentage of the accidents in which the 

x~hlcles are struck on the sides in the region of the passenger compartment 

al c also of high se\erlt) but this type of accident occurs less frequently. 

YB-2499-V- 1 



Table 2. J-I 

ACCIDENT TYPE COMPARISONS 

SEVERE OR 
ACCIDENT NUMBER EXTREMELY DANGEROUS OR FI \TAL EJECTION (%) 

TYPE AND SEVERE INJURIES ($) 

PERCENT ACCIDENTS* DRIVER R.F. PASS:* DRIVER R.F. PASS:* 

1%) 
FRONTAL 14541 (59.1) 9.5 9.6 9.7 3.7 4.3 

COMP. 2257 ( 9.2) 30.0 18.3 18.9 17.7 19.2 

N. COMP. 1009 ( 4.1) 7.0 11.1 10.4 19.5 20.3 

REAR 1700 ( 6.9) 4.5 1.9 2.8 2.0 2.0 

R.O. NO. 2406 (11.8) 17.8 15.7 13.0 28.8 27.1 
COLL. 

R.O. BEFORE 241 ( 1.0) 31.1 20.6 14.5 33.1 30.0 

R.O. AFTER 1938 ( 7.9) 29.8 18.1 15.5 29.6 30.2 

CAR 
REGION ACCIDENT TYPES 

I 
I 

2 

3 

I) 

R.O. 

R.O. 8. 

R.O. A. 

FRONTAL (11 TO 1 O'CLOCK) 

SIDE - PASS. COMP. (2 TO 4 AND 
8 TO 10 O'CLOCK) 

SIDE - NON. COMP. (FENDERS) 

REAR (5 TO 7 O'CLOCK) 

ROLLOVER - NO COLLISION 

ROLLOVER - BEFORE COLLISION 

ROLLOVER - AFTER COLLISION 

'BASED ON EXTENT OF DAMAGE FROM PHOTOGRAPHS 

*'RIGHT FRONT PASSENGER 

1, 

ll 

II 
II 
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The table also shows a general correspondence between the ranklngs 

of percentages of severe accidents and dangerous or fatal InJurIes for the 

se\ era1 accident types. This result 1s loglcal because an accident type 

for which the frequency of severe accidents 1s high would also be expected 

to she\\ a correspondingly high percentage of dangerous or fatal InJuries 

to the vehicle occupants. However, it 1s well to note that, m terms of 

rcducmg the actual number of dangerous or fatal InJurIes, the greatest 

potential lies within the frontal accident category, simply because this 

type of accident occurs most frequently. To illustrate, consider the 

dlstrlbutlon of 100 accidents. Approximately 59 of these accidents would be 

of the frontal type 1n which nearly 6 drivers (9. 6%) would be dangerously 

or fatally injured. Thus 1s to be compared with approximately 9 accidents 

of the side compartment impact type m which less than 2 drivers (18. 3%) 

\\ould sustain dangerous or fatal InJuries. 

The dependency on the dlrectlon of impact of the probablllty of 

occupants being eJeCted from the vehicle (one of the primary causes of 

InJury) 1s also elIdent from the data of Table 2. I- 1. Note that frontal and rear 

accident types have 10~ occupant eJectIon frequencres. However, m those 

accident types \shlch produce lateral or splnrnng motions (side-compartment 

and/or side-noncompartment) or rollovers of the vehicle, occupant ejections 

are much more frequent. The frequency of eJection can be reduced through 

the use of sultable restraint systems and by keeping the doors closed, 

Howe\ er, the reluctance on the part of the motormg public to use seat belts, 

even when they are avallable In the vehicle, suggests that an integrated 

seat mcorporatmg design innovations which provide the needed passenger 

restraint (either automatically or a passive system that promotes greater 

acceptance and use than currently avatlable restraint systems) would be a 

LX orthwh11e obJectI\ e. 

11 YB-2499-V- 1 



The frequency of LnJury to each body area of the driver by accident 

type 1s presented in Table 2. 1-2 for all degrees of Injury. In Table 2. l-3 the 

dlstrlbutlon of only dangerous or fatal InJurles to the 5tv( rdl bodb arcas 

1 s ShO\X Il. These tabulations show that the head and thorax drC the areas 

generally most frequently Injured In all types of accidents and that 

dClngcrous or fatal inJurIes most frequently concentrate on these body 

cirtas. Note that rear impact accidents are an exception for \bhlch most 

of the dangerous and fatal Injuries are to the neck. These severe neck 

1nJurles probably are a reflection of the lack of head support In rear-end 

colllslons and for which an integrated seat that provides a sultablt means 

ior supporting the head could be beneficial. The upper and lo\cer extremltles 

also are frequently injured (about one-third of the tlnle) but, as one ~~oulcl 

expect, these 1nJurles are rarely of a degree to be dangerous or fatal. 

The sources of driver head and thorax mJurles by accident type al*e !I 

prestnted In Tables 2. 1-4 and 2. l-5, respectlbely. It should be understood that 

these tabulations Include Injuries of degrees ranging from minor to fatal !I 

the current llstlng of data does not permit the detcrmlnatlon of the sourcz(s) 

responsible for the most serious InJuries. Thus, for example, although 
11 

the \\lndshleld may be the source of frequent InJurIes In a gl\ en type of 

accident, these InJuries may be predominantly minor In degree xthereas 
I 

some other less frequent source of InJury such as ejection or the steering 

lvheel assembly may be the principal source of dangerous or fatal 1nJurle s. 

I 

It IS clear from Table 2. l-4 that for frontal or rear Impacts the steering 

assembly causes drl\ er head InJuries most frequently \\hereas In lmpacfs 

occurrmg at the sides of the vehicle, the door 1s the major source of head 

lrlJUr>. The Lxlndshleld and Its immediate enblrons produces many head 

mJurles for all types of accidents except rear Impacts. It 1s also c~lderlt 

that ejection 1s a frequent cause of Injury, particularly in rollover accicents 

and those lnvolvlng tht side-noncompartment regions of impact which tend 

to produce splnrnng motions of the vehicle. 

12 Y B-2499-1’- 1 



Table 2.1-2 

PERCENT FREQUENCY OF INJURY TO EACH BODY AREA 
(DRIVER) 

1 

ACCIDENT 

t- 

INJURED AREA 
TYPE HEAD NECK THORAX ABDOMEN UP. EXT.' LO. EXT.** 

FRONT 60.5 5.0 28.0 8.0 24.9 3u.4 
COMPARTMENT 53.8 8.3 34.9 14.9 28.0 27.5 
NON-COMP. 51.1 6.8 24.8 12.4 22.0 27.7 
REAR 13.5 24.5 12.7 9.8 8.7 12.2 
R.O. NO COLL. 50.7 9.2 30.8 17.1 30.7 30.1 
R.O. BEFORE 61.7 10.3 39.7 17.0 28.0 33.8 
R.O. AFTER 58.2 8.5 33.1 17.8 33.7 33.0 

Table 2. i-3 

PERCENT DISTRIBUTION OF 

DANGEROUS OR FATAL INJURIES BY INJURED AREA 

(DRIVER) 

ACCIDENT 

I--- 

INJURED AREA 
TYPE HEAD -- NECK THORAX ABDOMEN UP. EXTf LO. EXT.** TOTAL s' 

FRONT 
COMPARTMENT 
NON-COMP. 
REAR 
R.O. NO COLL. 
R.O. BEFORE 
R.O. AFTER 

*UPPER EXTREMITY 
**LOWER EXTREMITY 

33.7 II.3 35.1 17.6 0.4 1.8 100 
31.4 13.7 33.4 20.1 0.0 I.4 100 
40.6 II.9 28.0 18.7 0.0 0.8 IO0 
21.2 39.11 27.3 12.1 0.0 0.0 100 
37.6 13.5 28.4 19.9 0.2 0.4 loo 
41.8 14.5 25.5 16.4 0.0 1.8 100 
uo.9 12.7 27.6 18.8 0.0 0.0 100 
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Table 2.14 

ACCIDENT 
TYPE 

-__-~ 

PERCENT DISTRIBUTION OF HEAD INJURIES BY SOURCE 

(DRIVER) _____ 
SOURCE OF INJURY ~- -- --- _ _ -_-__ 

WIND WIND UNKNOWN UNKNOWN 
SHIELD SHIELD INST. STEER BACK COMP- INSIDE FORWARD 
GLASS AREA PANEL ASSY. DOOR REST ROOF EJECT. RESSION OBJECT OBJICT OTHER 

__- 
FRONT 18.1 15.7 2.3 411.0 2.6 0* 
COMPARTMENT 14.1 15.2 2.1 7.7 23.0 0.1 
NON-COMP. 10.9 
REAR 5.2 
R.O. NO COLL. 10.2 
R.O. BEFORE 12.5 
R.O. AFTER 12.4 

TOTAL 15.7 

7.3 1.5 9.9 17.9 0.2 
0.5 1.2 16.6 11.4 2.2 
2.3 1.2 5.5 8.8 0.1 
2.5 --- 5.4 6.5 --- 
4.7 1.2 8.1 6.9 0.3 

5.1 2.0 31.1 6.3 0.1 

2.1 2.1 0' 2.6 8.7 1.6 
4.5 11.9 0. I 17.1 'I.6 3.6 
4.1 21.0 --- 14.1 0.3 2.6 
9.2 4.6 1.5 30.5 0.9 6.2 
3.9 24.0 0.3 19.7 0.2 3.8 
5.5 26.2 --- 15.5 --- 6.0 
1.6 20.4 0. I 20.8 0.2 3.4 

4.8 8.0 0. I 8.6 5.7 2.4 

Table 2. I-5 

PERCENT DISTRIBUTION OF THORAX INJURIES BY SOURCE 

(DRIVER) 

SOURCE OF INJURY __- --__ 
ACCIDENT WIND WIND UNKNOWN UNKNOWN 

SHIELD INST. STEER 
AREA PANEL ASSY. 

TYPE SHIELD 
GLASS 

_ --_- 

FRONT 0.2 
COMPARTMENT 0.1 
NON-COMP. --- 
REAR 

R.O. AFTER I 

w-m 

R.O. NO COLL. 0.5 
R.O. BEFORE --- 

0.8 

DOOR 
BACK 
REST ROOF EJECT. 

COMP-* 
RESSION 

INSIDE 
OBJECT 

0,5 2.1 74.9 1.9 0.2 0 2.0 0.8 3.7 

1.2 4.8 27.8 23.6 0.8 m-w 11.7 1.6 23.6 

2.0 3.9 27.8 18.0 0.7 w-w 21.2 1.6 19.6 
0.3 --- 27.3 5.0 9.3 I .o 3.0 20.3 31.3 
1.0 1.2 19.2 5.4 1.3 3.9 32.3 4.0 27.1 

0.9 --- 18.3 11.0 0.9 4.6 33.0 '4.6 24.8 

2.2 1.1 29.0 4.0 0.8 4.1 26.7 3.3 24.5 

FORWARD 
OBJECT OTHER 

-~I - 

12.6 1.2 
0.3 4.6 
mm- 5.2 
w-w 2.3 
0.5 304 
0.9 0.9 
0.3 3.3 

TOTAL 0.3 0.9 2.2 54.8 5.6 0.8 1.C 10.1 2.3 12.3 7.6 2.2 

*INCLUDES SPINAL COMPRES., FLEXION, AND TORSION. 

I 
I 1 
/ 
L 

,i 

1 I 

II 

II 

II 

;i t 

!I 

I 

1 

I 

I 
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Driver thorax InJurIes are mostly caused by the steermg assembly. 

Note ho\% e\ er, that 111 rear -end types of accidents, 1nJury to the thorax 

caused by compression 1s also a frequent occurrence. This suggests that 

an integrated seat that would be more effective In absorbing energy In a 

1 crtlcal dlrectlon than current seats might contrlbute slgnlflcantly to a 

reduction of spmal column compression InJurles In these types of accidents. 

Note too that the cloor 1s a source of injuries to both the head and thorax 

prlnclpall) for those accldLnt types lnvolvmg impacts to the side of the 

1 ehlcle. 

15 YB-2499-V- 1 



2.2 The Longltudlnal ImDact 

221 Anal> tical Simulation 
i 

The CAL computer slmulatlon of an automobllc. crash 

~lctlrn 1s utlllzed herein to lnvestlgate the potential effcctlvencss of an 

integrated seat In longltudlnal impacts (fore-aft). 

The present version of the slmulatlon consists of an tleven-dtgrcc 

of freedom nonllnear rnathematlcal model of (1) the human body, (2) a bc It 
!. 1 

type restraint system (lap belt or comblnatlon of lap belt and shoulder 

restraint), (3) contacted surfaces In the vehicle mterlor, and (4) the behlcle 

or test cart. The model 1s shown In Figure 2. 2- 1. A dlgltal program, III 
li 

Fortran IV has been deteloped for the IBM 360/65 computer. The system 

response 1s calculated 1n the form of time-hlstorles of the forces, accelcratlons, 3 

L Lloclties, and dlsplacenlents at various points In the dynamic system. A 

time history of the detalled energ) dlstrlbutlon \\lthlr- the system 1s also 1 

calculated. The model has been programmed to perrrnt the use of either 

(1) a direct tabular entry of vehicle deceleration as a function of time or 
I 

(2) a general polynomial form of ~ehlcle-stopping force, \shlch 1s a funct on 

of both the displacement and the ~eloclty of the vehicle. The former per-nits 

appllcatlon of experimental data or idealized waveforms for ~ehlcle 

deceleration. Dummy-to-cart lnteractlons are simulated In the latter form 

of solution. 

The lalldlty of the mathematical model was m\estlgated In 1966 by 

means of comparisons \\clth a series of fifteen Instrumented sled tests uElng 

an anthropometrlc dunlmy. This work 1s presented In Reference 1. 

Comparisons uerc made of measured and calculated forces in restraints 

and on contacted surfaces, accelerations of the dummy, and detailed 

klnematlc s of the dummy. Repeat experlmental runs of all but one of the 

test condltlons were compared In order to establish the repeatablllty of the 

16 YB-2499-V-1 
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Figure 2.2-l MATHEMATICAL MODEL OF HUMAN BODY AND RESTRAINT SYSTEM 

ON TEST CART (11 DEGREES OF FREEDOM) 
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slc,d test responses. It was concluded that the comparisons bctwetn 

slnlulated and euperzmental time-hlstorles showed good agrc cment in the 

tlnl~ng of el ents, the occupant klnematlcs, the general ltvcls of peak values, 

and the general \~a\eforms of responses. However, the direct lnttrpretat on 

of calculated accelerations In terms of Injury potential 1s not posslhlt at tt e 

present stage of development. 

The artlculatcd, rlgld-body representation of the occupant In 

combmatlon \\lth the simulated step dlscontlnultles (e. g., coulomb frlctlon) 

tends to generate response frequencies that are higher than those of the 
L 

actual physical system (1. e., the occupant sample). Also, the data gathering 

tqulpment used In experiments for the generation of human tolerance data 

has inherent filtering characterlstlcs which act as a lo\\-pass filter. For 

these reasons, the unfiltered output of the computer slmulatlon tends to 

lncludc response frequencies that are substantially higher than those In 

cxperlments \slth \\hlch comparisons have been made. Therefore, the 

calculated peak values and peak rates-of-onset of acceleration cannot bc 

dlrtctl) related to eklstlng tolerance data. 

II 
Further de\clopment of the slmulatlon 1s current11 In progress under 

another CAL contract. That development ~111 include the lncorporatlon of an 

adjustable low-pass digital filter in the output to produce compatlblllty of 

frequency content with that of human tolerance experiments. It 1s antlclpcLted 

that the filter, In comblnatlon with other planned slmulatlon lmpro\ ement 3, 

iv111 yield acceleration responses that can be interpreted In terms of Injury 

potential. 

For a prellmmary analysis of Integrated seats, in \\hlch comparisons 

are made between occupant responses In a modlfled bucket seat and In a 

con\ entlonal automobile bench type seat, the CAL computer program \\as 

modlfled to permit the slmulatlon of a head rest and restraint belt anchorages 

located directly on the seat. The head support capablllt) \tas addtd so that 

direct comparisons could be made for rear Impacts. 
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A separate output subroutme was added to the slmulatlon program 

to sum the seat anchorage loads In the two types of seats being compared. 

Note that the calculated anchorage loads correspond to rlgld pin-Joint 

support at the anchorages. Figure 2. 2-2 shows the analytical model of 

the integrated seat and the forces Imposed on It during a typical crash 

sequence. Force components were summed In the horizontal and vertical 

dlrectlons and the total moments due to these components were determmed. 

With a speclflc seat conflguratlon, these output data are listed In the form 

of total bertlcal and horizontal shear forces at the seat anchor points. 

In connection with the resolution of the seat forces on the floor 

structure, it 1s apparent that when a driver alone 1s seated on a bench type 

seat, the floor anchor forces are not symmetrical. In order to account 

for asymmetric loading on a wide 3-dlmenslonal seat, the simulated seat 

\\ldth 1s speclfled along with 4 seat anchor point locations instead of 2 points 

as in the 2-dlmenslonal case, Horizontal and vertical loads of the floor 

reactions, at each of the four anchor points, are calculated and prlnted out. 

2.2.2 Forward Impact 

The forward Impact, as indicated In Sectlon 2. 1, occurs 

most frequently In automobile accidents. This section of the report presents 

the results of a preliminary mvestlgatlon of two different types of car seats 

in a purely frontal impact. The aim of the analysis has been to explore 

gross differences between the occupant responses that occur In a conventional 

bench type seat and those that occur In a modlhed-bucket form of integrated 

scat. In order to evaluate the effects of the integrated seat, the klnematlcs, 

forces, and accelerations that occur In the bench seat are used as a basis 

for comparisons. 

The simulated frontal impact condltlon corresponds to a barrier-type 

collision from an initial velocity of approximately 30 mph. The assumed 

car deceleration \\a\ e (g L s. time) 1s In the form of a half- sine with a peak of 

19. 6 g’s and a total deceleration time of , 115 seconds. 
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Inputs to the computer program for dcflnltlon of the vchlcle compart- 

ment interior (1. e. , dlmenslons and angles of the lnstrunlc nt panel, steermg 

Wheel, etc. ) are based on measurements made In a late-nlodc 1, full size 

American automobile. Force-deflection characterlstlcs of contnc t surfaces 

(e. 6.) the instrument panel and lower dash panel) are taken front Rcfc rencc 2. 

The assumed restraint belt material propertles, used for both the lap belt 

and the upper torso harness, are based on those that were measured and 

applied in Reference 1. Those propcrtles correspond to an elongation of 

approximately 1770 at 2500 pounds load. 

The bench seat conflguratlon that serves as the basis for the present 

comparisons, has dlmenslons that were measured on a late-model American 

automobile seat. Restramt belt anchorage locations are “typically” located 

on the floor directly behlnd the seat (lap belt) and on the roof rail, approximately 

10 Inches behind the occupants head (upper strap of torso harness). The 

bench seat 1s anchored to the floor at Its 4 corner points, the fore-aft anchors 

are 13 inches apart and the lateral distance between anchors 1s 47 Inches. 

The Integrated seat conflguratlon that 1s simulated 1s slmllar to the 

bench seat except In three areas. First, the modlfled scat contains a head 

rest, second, the restramt belt anchor pomts are located directly on the 

seat, and third, the seat cushion 1s slightly stiffer than the bench seat. 

It 1s felt that the location of the belt anchor pomts on the seat structure 

constitutes the mayor modlflcatlon from a bench to an Integrated seat for this 

2-dlmenslonal frontal Impact analysis. The fore-aft distance between seat 

anchor points 1s 13 Inches and the lateral distance between anchors 1s 26 Inches. 
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2. 2. 2. 1 Lap Belt Responses 

SEAT COMPARISON - DRIVER 

For the case of a 50th percentile driver wearing a lap 

belt only, a direct comparison was made of colllslon responses in a bench 

seat and In a modlhed bucket, or integrated, seat. The results are 

prtsented in Figures 2. 2-3 and 2. 2-4. The effects of the short, relatlvcly 

stiff lap belt of the integrated seat are seen In the belt forces of Figure 

2. 2-3. The loop load of the short belt rises quicker than that of the long 

bench - seat strap. Both belts, however, reach approximately the same 

maximum loop load of 3000 pounds. Note In Figure 2. 2-4 that the calculated 

head accelerations are very slmllar except for the relatlkely late 80 g splkt 

of the integrated seat curke. At that point In the colllslon sequence, large 

tangential forces on the head suddenly reversed as the head unloaded from 

the instrument panel, causing a Jump in the head acc(>leratlon. The peak 

value of the calculated head force was 1210 pounds at . 120 seconds for thf? 

bent 11 seat driver and 1195 pounds at , 118 seconds for the integrated seat 

occupant. 

Chest accelerations of both simulated drivers were slmllar, peakmg 

at approulmately 20 g’s. Both occupants \\ere subJected to the same 

ma\lmum chest load of 1000 pounds because of the use of a constant force 

characterlstlc for the simulated steering \\heel. The bench seat occupant 

deflected the steering \sheel 8. 2 Inches as compared to a maximum of 5. 7 

Inches for the Integrated seat occupant. A graphical comparison of dumrn> 

klnematlcs for the two runs LS displayed in Figure 2. 2- 5. 

On the basis of the analytical results, for the case of a 50th percentllc. 

drlcer In a frontal Impact and restralned by a lap belt only, there appeal to 

be no slgnlflcant benefits provided by the simulated system changes, 
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Figure 2.2-5 DRIVER KINEMATIC COMPARISION 

N LAP BELT ONLY 



SEAT COMPARISON - PASSENGER 

Two runs of the slnlulatlon were performed to compare the responses 

of a 50th percentile passenger In a bench seat with those in a modlfled 

but ket stat. The simulated system dlffcrs from the previous driver comparison 

only by the absence of the steering wheel. Figure 2. 2-6 shows the calculated 

lap belt loop loads which agaln are slmllar, both peaklng at approximately 

3000 pounds. Tht head and chest accelerations presented In Figure 2. 2-7 

also show very slmllar trends. The occupant of the bench seat IS subjected 

to a peak head acceleration (unfiltered, calculated values) of approximately 

90 g’s when the head strikes the instrument panel as compared to the peak 

of approximately 84 g’s that occurs for the occupant of the integrated seat. 

Consistent with these data are the calculated peak forces on the head, 1480 

pounds at . 122 seconds and 1356 pounds at . 120 seconds for the occupants of 

the bench and lntegrattd scats, respectively. The performance of the 

Integrated seat displays a slight advantage m that Its belt forces peak earlier, 

causing the aft velocity of the hips to be higher, relative to the seat, at the 

time of head contact. Head contact velocltles are 506 Inches/second for 

the bench seat and 487 Inches/second for the integrated seat or a decrease 

of approximately 470. Maximum calculated chest loads are at the same 

level of 1636 pounds for the occupants of both seats. 

On the basis of the analytlcal results, for the case of a 50th percentile 

front scat passenger In a frontal colllslon and restrained by a lap belt only, 

thert appear to be no important benefits provided by the simulated system 

changes. Hou ever, the system changes, as dlscussed previously, are 

relatlvcl-), minor \\lth respect to restraint for forward impact. This 

comparison ser\ts prlnlarlly to demonstrate the usefulness and capablllty 

of computer slmulatlon for a developmental study. - 
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2.2.2.2 Lap and Torso Belt Responses 

SEAT COMPARISON - DRIVER 

The responses of a 50th percentile driver with lap belt and 

upper torso rt stralnt \T cre compared in the bench and integrated seats. 

Belt forces and hod) acceleration data are shown m Figures 2. 2-8 and 2. 2-9. 

The peak lap belt loop load in the case of the Integrated seat 1s 1930 pounds, 

or a decrease of approximately 20% from that which occurs with the bench 

seat, a peak of 2400 pounds. Note that the peak load In the upper torso 

belt In the case of the Integrated seat IS also decreased from that of the 

bench seat, a peak of approximately 1000 pounds compared with approxlmatcly 

1900 pounds. Ho\\ e\ er , the shorter, seat-frame anchored belts of the 

Integrated seat cause the loads to be produced quicker and with higher onset 

rates. 

Figure 2. 2-9 sho\\s the peak values of head accelcratlons (unfiltered, 

Lalculated values) 1n both seats to be essentially the same, although the 

shorter straps of the integrated seat produce higher onset rates. The 

calculated head acceleration m the case of the Integrated seat tends to 

remain at a higher “g” level than that which occurs In the bench seat. 

Chest accelerations (unfiltered, calculated values) are displayed In 

Figure 2. 2-9. The Integrated seat curve 1s seen to increase more rapidly 

than the bench seat curve thereby producing much higher onset rates. 

Occupant klnematlc comparisons are shown m Figure 2. 2- 10 for 

\arlous times during the crash sequence. Note that there IS a tendency 

for both occupants to “submarine” (see Reference 3 for a dlscusslon of the 

“submarmmg” phenomenon). The bench seat occupant assumes a more 

nearly horizontal posltlon at . 200 seconds, 
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In order to sho\s the general magnitudes of seat anchor pomt loads 

at the floor structure of an automobile durmg colllslon, Table 2. 2- 1 1s 

presented for a bench stat. The floor reactlons correspond to a 50th 

percentile driver secured with a conventional lap and torso harness. 

IMa\lmum values occur at . 0 70 seconds, when the vertical floor loads on 

the left side are 1422 pounds and -959 pounds and the horizontal shear 

forcts are 541 pounds at each anchor. 

Table 2. 2-2 shows floor reactlons for an Integrated seat in which 

the belts are anchored to the seat structure. At .070 seconds, In this 

case, vertical floor rcactlons are 2302 pounds at the front and -2467 pounds 

at the rear, or an increase of roughly 2000 pounds over a bench seat 

configuration. 

On the basis of these analytlcal comparrsons, the integrated seat 

does not have clear-cut functlonal advantages over a bench seat In a frontal 

colllslon If three-point restraints are used in each case. Note, however, 

that the Integrated seat may induce a greater usage of three-point, or four 

point, restraints by makmg them more convenient and aesthetically appealing. 

The magnitudes of the response differences lndlcated In the presented 

comparison are consldered to be wlthln the ranges of response changes that 

can be achles ed with belt pl operty modlflcatlons. Therefore, they are not 

consldered to be lndlcatlons of Important functional differences. 

It 1s possible that the lndlcated reduction In the tendency toward a 

“submarlnlng” response may be a slgnlflcant benefit. However, as discussed 

in Reference 3, “submarlnlng” has not yet been demonstrated to occur wth 

llvlng humans, It may therefore constitute only a reflectlon of deflclencles 

In the design of anthropometrlc dummies. 

33 YB-2499-V- 1 



TIME FROM 
START OF IMPACT 

- SEC. 

.030 
,040 
.050 
,060 
.070 
,080 
,090 
.I00 
. 110 
.120 
. 130 
,140 

Table 2.2-1 

FLOOR ANCHOR REACTIONS FOR BENCH 

SEAT N LAP AND TORSO BELTED DRIVER 

FR aR FL 

307. -217. 831. 
374. -275. 1032. 
425. -311. 1185. 
464. -326. 1301. 
504. -319. 1422. 
385. -172. 1064. 
346. -112. 948. 
298. -41. 806. 
256. 52. 679. 
228. 96 m 595. 
211. 88. 542. 
155. 71. 376. 

SEAT ANCHOR REACTIONS - LBS 

I 

BL 

-652. 335. 
-835. 408. 
-934. 452. 
-979. 468. 
-959 457. 
-516. 310. 
-337. 223. 
-123. 116. 

157. -12. 
289. -76. 
263. -68. 
215. -49. 

bR 
-- 

335. 
408. 
452. 
468. 
457. 
310. 
223. 
116. 
-12. 
-76. 
-68. 
-49. 

FL B; 
361. 361. 
440. 440. 
494. 494. 
523. 523. 
541. 541. 
209. 209. 
112. 112. 

-3. -3. 
-157. ,157. 
-228. ,228. 
-206. ,206. 
-148. ,148. 
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Table 2.2-2 

FLOOR ANCHOR REACTIONS FOR INTEGRATED 

SEAT-LAP AND TORSO BELTED DRIVER 

TIME FROM 
TART OF IMPACT 

SEC. 6R Fk 
,030 440. -378. 229. 229. 
.oMl 1365. -1788. 660. 660. 
,050 2094. -2784. 1022. 1022. 
,060 2384. -2933. 1168. 1168. 
,070 2302. -2467. 1097. 1097. 
.080 1740. -1413. 641. 641. 
,090 1786. -1107. 687. 687. 
. 100 1862. -1045. 703. 703. 
. 110 1291. -513. 116. 116. 
. 120 802. -212. 14. 14. 
. 130 457. -90. 138. 138. 
. 140 I IO. -11. 17. 17. 

SEAT ANCHOR REACTIONS 

RIGHT SIDE ONLY 

35 
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DRIVER SIZE COMPARISON 

T\\o comparison runs wtre made using a small, 5th percentile driver 

and a large, 95th percentile driver. Both occupants \\ere seated in the 

lntcq:rated scat \\lth lap and torso harnesses anchored at the same locations 

on the seat structure as 111 prewous runs. The resultmg rcstralnt strap 

loads are presented In Figure 2. 2- 11. Lap belt loop loads she\\ the same 

general trend as that nhlch occurred In the case of the a\crage sized 

drl\ er, \slth an increase and decrease of maxlmum loads for the large dnd 

small size drlbers, respectively. The peak lap belt load, in the cast. of tkt 

large occupant, 1s approximately 3000 pounds compared \\lth approxlmatcly 

1450 pounds for the small occupant. The upper strap of the torso harness 

sho\vs the same trends, the maximum load for the large occupant 1s 1600 

pounds and that for the small occupant 1s approximately 1000 pounds. 

Head and chest accelerations are shown In Figure 2. 2- 12. The pe:lk 

value of head acceleration (unfiltered, calculated \ alues) for the 5th 

pcrccntllc drller 1s slightly higher than that for the 95th percentile, 44 g’s 

compared to 39 g’s. Note the rapid increase In head acceleration for the 

small occupant as compared to the large occupant and the corrcspondlng 

higher onset rate. 

The calculated chest accelerations of Figure 2. 2- 12 arc slmllar to 

tach other, \slth the smaller occupant recelvlng a slightly higher lnltlal 

rate of onset. Thest data are slmllar to the accelerations recelled by tht 

a\ crage size driver shown In Figure 2. 2- 9. 

For the two extremes of driver size In an integrated seat \\lth full 

restraints, seat anchor loads are presented In Table 2. 2-3. Maximum 

floor loads for the 95th percentile occupant occur around . 070 seconds, 

showing 34 15 pounds ~ertlcal load at the front anchor (right side) and -4162 

pounds at the rear anchor. These are an increase In load of 48% for the 

front and 6970 for the rear anchor over the average size occupant seat 

reactions sho\\n In Table 2. 2-2. 
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TIME FROM 
START OF IMPACT 

-SEC. 

.030 
,040 
,050 
,060 
.070 
.080 
,090 
. 100 
. 110 
. 120 
. 130 
. 140 
.I50 
. 160 

Table 2.2-3 

FLOOR ANCHOR REACTIONS FOR 

TWO DRIVER SIZES -INTEGRATED SEAT. 

T 
t 

SEAT ANCHOR REACTIONS- 
RIGHT SIDE ONLY w LBS. 

5Tt 

FR 

'ERCENT 

BR 

-E DR 

FR 

ER 

8R 

T 95TH 

FR 

ERCENTIL 

8R 

DRIVE -- 
FR 8R 

467 -457 257 257 356 -239 200 200 
1319 -1716 659 659 1352 -1821 628 628 
I907 -2b32 941 941 2332 -3253 1089 1089 
1924 -2099 903 903 3071 -4061 1475 1475 
1492 -1277 646 646 3415. -4162 1701. 1701. 
1527 -II&7 651 651 2751 -2785 1294 1294 
1619 -1143 682 682 2257 -1546 893 893 
I259 -776 296 296 2404 -1266 889 889 

896 - 479 168 168 1867 -555 98 98 
331 I -11 -11 1527 -404 52 52 
104 92 0 0 829 4 -78 -78 

55 20 5 5 543 -20 150 150 
55 -68 37 37 117 107 -45 -45 

-13 3 1 I 173 -263 128 128 

1 
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The presented comparisons demonstrate the rather obkclous need tc 

consider the extremes of occupant sizes In the design of an integrated seat. 

1ihen further de\ clopment of the existing slmulatlon has been completed, to 

the extent that calculated accelerations can be Interpreted dlrectl) In ttrrrs 

of injury potential, the capability for readily varying occupant slzc ~111 

make it a valuable tool for design studies of integrated seat concepts. 

h10DIFIED INTEGRATED SEAT 

The integrated seat conflguratlon of the previous analysts was 

modlfled to allow thL seat back to flex under a constant 500 pound force. 

This type of seat deformation occurs in several of the expcrlmental lntcgratcd 

scats 1101~ being developed, such as the Cox seat of Watford, England. The 

analytical results are prcllmlnary in nature because of the fact that the 

present version of the dlgltal slmulatlon does not allow for seat-back 

mo\ ement relatik e to the car. Deflectlon of seat back under load was 

therefore approximated by a saturating type force-deflection characterlstlc 

101 the torso restraint belt. 

A comparison 1s presented in Figure 2. 2- 13 of belt forces in the 

yleldmg-back, integrated seat and those in the non-yielding Integrated seat. 

Since the lap belt anchor points, mounted on the lower corner of the seat, 

were assumed to yield very little, maximum values of lap belt loads In both 

seats are approximately equal, at 2000 pounds. The upper torso strap, of 

Courbe, she\\ s a reduction of force on the chest in the case of the )ltldlng 

seat-back, from a peak of approximately 1100 pounds to a peak of 700 pounds. 

Head and chtst acceleration data are shown in Figure 2. 2- 14. Head 

accelerations for the yielding seat show a significant decrease over the 

standard seat response, up to approximately .093 seconds. However, at 

. 096 seconds for this particular case, the yielding seat occupant’s head 

contacted the instrument panel and produced tht high acceleration spike 

sho~vn at . 098 seconds. Without head contact, Ishlch 1s influenced by the 

lntcrlor geometry of the car, head accelerations would have been expected to 

‘i 1 

!I 
II 
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remain below those that occur in the standard seat. The maximum 

forward deflection oi the seat back, measured at the top, was 

appro\lmatcl) 10 Inches. 

The calculated chest accelerations In Figure 2. 2- 14 Indicate a 

general decrease 111 le\cl for the yleldlng seat. It 1s noteworthy that the 

order of magnitude of the reduction In chest accelcratlon attributable to the 

seat yield 1s the same as that reported for the Cox seat In Reference 4. 

A summary comparison 1s presented in Table 2. 2-4. 

Table 2.2-4 Comparison of CAL Computer Cox Seat Experiment 
Slmulatlon and Experiment Simulation (Reference 4) 

Impact Speed 

Jrchlcle Deceleration Time 

Vehicle Deceleration 
\Z a\ cform 

Peak Chest Acceleration: 
(1) Yleldlng Seat 

(2) Nonyleldlng Seat 

(3) Rcductlon Attributable 
to Seat Yield 

Total MO\ ement of Seat Back 
at Top 

30 mph 36. 8 mph 

0. 115 sec. 0. 120 sec. 

Half Sine Irregular With Spikes 

31 g’s at .061 35 g’s at .057 sec. 
sec. 
45 g’s at .060 55 g’s at .068 sec. 
sec. 

3 1’70 350/o 

10 inches 6-t inches 

The presented response comparisons Indicate that the major benefit 

from integrated seats in frontal colllslons may come from the use of a 

selected rate of yleldlng in the seat structure. The same general effect 

( 1. e., saturating belt loads) can be achieved by means of yleldmg devices 

In series with body-anchored belts. However, the flxed geometry and the 

potential mcrease In convenience, and thereby usage, of upper torso 

restraints In the case of seat-frame-anchored belts would appear to constitute 

Important ad\antxges of an integrated seat for application of load-saturation 

effects In restraints. 
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The head impact that occured In the slmulatlon run demonstratts C 

problem lnhcrcnt ln the use of restraint loads that saturatt. Motions of the 

occupant rela’clle to the L chicle ~111, of course, be larger than those with 

non-yleldlng restraints. Therefore, clearance or padding must be provided 

cl cn for the case of full restraint. I 

2.2.3 Rear Impact 
I 

A preliminary analysis of the potential benefits of an 

lnttgrated seat In a rear colllslon was performed by means of three slmulatlon 

runs. The automobile was accelerated from rest to 17 mph In a pcrlod of 

. 130 seconds. A half sine curve \vas used to slmulatc the acceleratlon- 

time hlstor), 111th a peak of approvlmately 9. 3 g’s. These input data art 

,appro\lmatlons of an actual rear end colllslon In \shlc? a car trabellng at 

30 mph strikes a parked Lehrcle. An actual acceleration-time history of a 

\chlclc impacted from the rear 1s not, of course, as smooth as the appllcd 

half-sine cur\ e, but this approxlmatlon was consldered to be adequate for a 

prcllminary In\ estlgdtion. 

An a\ erage - slzc, fully restrained drl\er Lvas used m tht three 

comparison runs. The first run employed a typical bench seat 

configuration, the second, a bench seat plus a head rest, and the third, a? 

integrated seat. Figure 2.2-15 presents the head and chest acccleratlons 

of the thrte comparisons. The head acceleration of the two “head rest” 

seats are x er) similar, each hablng a peak (unfiltered, calculated values) 

of approximately 47 g’s. The bench seat Lvlthout a head support shows an 

acceleration delay and then an increase to a peak \alu~ of approximately 

31 g’s. During the high acceleration, the head 1s rotated counterclock\tlst 

as \le\icd from the right side of the occupant, as shown In Figure 2. 2- 16. 

The Indicated rate of head-neck rotation during this time mterval 1s 800 

degrees/ second. The maximum head rest force (normal force) \\as 

approximately 667 pounds for both of the head-supportlng seats, and It 

occurred at approximately . 074 seconds. 
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Table 2.2-5 

FLOOR ANCHOR REACTIONS FOR 

INTEGRATED SEAT -REAR IMPACT 

TIME FROM 
START OF IMPACT 

e./ SEC. 

.030 
,040 
.050 
.060 
,070 
,080 
.090 
. 100 
. 110 
. 120 
,130 
.lW 

T SEAT ANCHOR REACTIONS 
RIGHT SIDE ONLY LBS. 

FR 

-182. 
-242. 
-325. 
-882. 

-2374. 
-3578. 
-1787. 

-759. 
-173. 

-28. 
35. 
65. 
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SR FR 
235. -115. -115. 
280. -143. -143. 
338. -178. -178. 
789. -336. -336. 

1925. -848. -848. 
+586. -977. -977. 
2004. -668. -668. 
739. -377. -377. 
410. -76. -76. 
324. -7. -7. 
141. 7. 7. 
86. 13. 13. 
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2.3 The Side Impact 

The side Impact 

5 and 6. 

problem has been studled experimentally In Refer znces 

Attempts to describe the side impact analytically have been relatlvcly 

crude, TXVO aspects of the problem have been dealt with. According to 

Reference 7, a llmlted analysis was carried out In Reference 8 to find the 

effectl\eness of an air bag restraint system for the particular cast in whl,:h 

tht struch car was stationary. The deceleration time hlstorles of the 

compartment \~ere assumed, Compartment motion was the subject of the 

study reported in Reference 9. In Reference 9, the trajectories were treated 

In three successl\e phases, namely: 

1. An impulse phase in which the struck vehicle 
rotated slightly. 

2. An intermediate phase during which the two 
behlcles moved as a hinged body about the 
translating point of impact. 

3. A final phase Initiated when the cehlcles break 
contact and pursue their separate courses. 

Generallzatlon of both of these efforts (that is, References 8 and 9) 

1s necessary In the analysis of the side Impact. Relative motion of the 

occupant \vlth respect to the restraint anchor points ~111 determlne the loads 

on the restraint system -- the same sltuatlon that exists In the frontal 

barrier Impact case. 

Intersection colllslons encompass a wde range of ~arlables. Somcl 

of the more obvious ones affecting compartment traJectory are: 
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1. 

2. 

3. 

4. 

5. 

Momenta of the individual vehicles. 

Angle of contact. 

Point of Impact. 

Energy dissipation (that is, braking) occurring 
at the time of impact. 

Crush characteristics of both the striking and 
struck car. 

That the breadth of the problem is large because the mechanics of 

the struck and striking vehicles are not the same 1s evident from 

Figure 2. 3- 1. The longitudinal force component acting on the striking car 

passes through (approximately) the center of gravity. The tangential 

component force acting on the striking car tends to translate and rotate this 

vehicle toward the initial path of the struck car. It 1s to be noted particularly 

that the entlre tangential force produces the moment imbalance. The struck 

car, on the other hand, is acted upon by moments due to the normal and 

tangential force components which are of opposite sign. In one special 

case, the force sector along the line of the striking vehicle goes through 

the center-of-graxlty positron of the struck vehicle. In this case, it is 

especially clear that the accelerating moment on the struck vehicle is 

appreciably less than the corresponding moment on the striking vehicle. 

That is, both moments arlse from the same tangential force and the ratio 

of the moment arms is the characteristic length-to-\\ldth ratio of the 

automobile. 

The remarks in the preceding paragraph hold only In the instant of 

impact. Non-conser\atlve and nonlinear forces are rapidly brought into 

play l 
Energy dissipation occurs through the braking system, tire skidding 

and plastic distortion of the vehicle shells, In addition, the effective centers 

of rotation (for yaw and roll) can change very rapidly as the wheels 

alternately skid or roll. Coriolls’ forces arise from such center shifts in 

addition to the expected centrifugal forces. 
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Occupant motions are closely coupled with occupant posltlons and 

Impact condltlons. That IS, the occupant of the strlklng car could come 

Into contact with ~lrtually any part of the dashboard, wmdshleld, side 

\vlndo\v, or the appropriate supporting structures, depending upon the 

condltlons of the lnltlal Impact. This situation arises because the occupant 

takes on a balllstlc trajectory and the vehicle rotates and translates relative 

to the trajectory. Compartment penetration 1s apt to be a problem In single 

car side impacts and for the struck car m an accident lnvolclng two 

automobiles. 

2.4 The Rollover Ca be 

Little research effort has been devoted speclflcally to the restraint 

of occupants for a rollover traJectory. As far as 1s known, Reference 10 

\\as the only research study on this topic. Rolling introduces forces on 

the occupant perpendicular to the seat and centrifugal forces (provided the 

occupant remains In contact \\lth the seat) that depend on the body posltlon 

relate\ e to the x ehlcle center of rotation. As pointed out In Reference 10, 

the lnltlal roll axis 1s a longltudlnal line passing through the ground 

contact points of the front and rear \\heels. After the vehicle has rotated 

approximately 90 degrees, the axis of rotation shifts to approximately the 

vehicle geometric center line. 

At lnltlatlon of the rollover the spine 1s compressed by a force 

proportional to the product of the body weight, distance from body c. g. to the 

axls of rotation, and the square of the angular accelcratlon. Subsequent 

motion depends on the amplitude of this acceleration, the seat characterlstlcs, 

and the restraint employed. There could be a tendency to submarlne under 

this lnltlal acceleration load. If the mltlal acceleration 1s sufflclently high, 

elastic response of the deformed seat structure can catapult the occupant so 

that he tends to leave the seat (with a consequent removal of a centrlfuglng 

force component) and strike 111s head on the roof or on the side door structure 

farthest from the axls of rotation. If the lnltlal acceleration 1s low, the 
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gravltatlonal force dominates and the occupant tends to slldt toward the 

aals of rotation until he hits the ~ehlcle structure. Thtst tcndencles arc 

sho\sn In Figure 2.4- 1 taken from Reference 10. 

It appears that the protection of the occupant In a rollover sltuatlor 

requires both a harntss to keep him m the seat and a roof support structure 

sufflclently strong to prex ent the collapse of the compartment. 

Either of t\\o mechanisms can produce a rollover. One of thcsc 1s 

a drlr er-induced osclllatlon and, at least for present-day cars, 1s unllktll~ 

to occur unless triggered by a tire blowout. The other mcchanlsm 1s a 

trigger of the rollover bv a side impact against an obstruction. (Rollo~ er 

due to transh erslng a steep embankment 1s another category which ~111 no1 

be considered here, ) It 1s apparent that the \ ehlcle accident In these cases 

1s related to a mulfunctlon of a part (that is, a tire) or to the presence of i 

trigger (that is, an obstruction). Passenger restraint requirements are thus 

Intermixed \\lth maintenance and hlgh\say dcslgn. 

2. 5 Exl sting Cone ept s 

2. 5. 1 Cox Seat (Reftrence 4) 

The British engineering firm hnolvn as Cox of SZ’atford, 

Ltd. has looked at a number of car seat conflguratlons. Their “safety” 

seat (Figure 2. 5- 1) 1s one In which the primary structure 1s tubing and the 

tie-do\\n to the flooring 1s accomplished through rodllke supports capable 

of absorbing energ) through Inelastic structural deformation. The general 

appearance 1s that of a bucket seat so that some lateral restraint 1s 

introduced and further lateral restraint 1s a\allable from a diagonal belt. 

Both the diagonal and lap belts are anchored on the seat frame. A head rc’st 

1s prollded to restrict the head motion In the event of a strike from the rear. 
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2.5.3 Aircraft Seats (References 12 and 13) 

Numerous aircraft seats have been developed to lncrea >e 

the survlvablllty of pilots, Frgure 2. 5-3. In these developments, however, 

advantage 1s taken of the fact that the pllot hlmself rccognlzes the benefits of 

restraint. This IS, of course, especially true of the military pllot. In 

addltlon, the military pllot may very well be using a helmet since his 

communlcatlon system 1s an integral part of that safety device. USC of 

automatic means for removing belt slack 1s common. 

Of some interest 1s a proposal for a passenger seat which was mldc 

in Reference 14. This design features an energy absorbing pedestal as the 

seat-to-floor structural element, Figure 2. 5-4. Energy 1s absorbed by 

plastic deformation of corrugated cylinders making up the pedestal. 

2. 5.4 Farina Sigma (Reference 15) 

Plrnn Farina of Turin, Italy, suggested -- and, in fact, 

built an unpowered demonstration model of a ‘safety” car. A bucket se<Lt 

arrangement was Incorporated In the Farina car. The contour of the seat 

provided some lateral restraint and the headrest 1s built Into the passenger 

seats. (The driver’s seat does not ha\ e a headrest since the Plrnn Farina 

cnglneers bellebe that driver drowsiness and over-relaxation are greatczr 

dangers than the posslblllty of a head InJury of the “wvhlplash” type. 

2. 5. 5 Tilt Seat (References 16 and 17) 

An active tilt seat mechanism (Figure 2. 5-5) has been 

proposed under the trade name “Protect-0-Matlc” (Reference 16). Frontal 

impact at any speed over eight miles per hour triggers a hydraulic sysl em 

\\hlch actuates a scissors lmkage and tilts the seat back approximately 

45 degrees. The arrangement 1s usually shown wlthout a belt of any kind. 

One of the arguments for such a system 1s that It 1s activated automatic ally 

and does not require any operation by the driver or passenger (for example, 

buckling of seat belts). 
58 YB-2499- q- 1 

li 

!I 
‘i i 





60 Y B-2499-‘J- 1 



In Reference 17, a disclosure was made of a pendulum device. That 

IS, the point of support ior the passenger seat 1s above the head. The 

theory here is that the mertlal forces tending to keep the passenger in 

motion would bring into play a deceleratmg force which Increases as the 

“pendulum” displaces. Obviously, such a device requires an overhead 

structure and a structural capability of supporting the applied inertral loads. 

2. 5. 6 Dye Restraint (Reference 18) 

Mr. Edward Dye of Cornell Aeronautical Laboratory, 

Inc. , proposed a bucket seat and movable dashboard chest protector as an 

element m the Liberty Mutual Safety Car I research program. In essence, 

the bucket seat with lap belt restraint was combmed with a padded shelf on 

a scissors arrangement which could be pulled out from the dashboard. The 

purpose of the shelf was to provide support for the thorax. 

2. 5. 7 Ryan (Reference 19) 

Professor James J. Ryan of the Universrty of Minnesota 

proposed a hydraulic shock absorbing bumper which also actuated a seat 

belt tightener. 

2. 5.8 ESSEM Safety Belt 

Svenska Metallverken - - a Swedish firm - - is marketing 

a combination lap-and-chest belt with a three-point anchorage, Figure 2. 5-6. 

Tie-downs are placed on the floor and center posts rather than on the seat 

lt self. The belt can be \\orn relatively loose and it operates in what is 

described as two modes: emergency and retardation lockmg. Emergency 

lockmg occurs If the belt 1s pulled rapidly on the reel (inertia reel actron). 

The retardation action is brought into play durmg braking maneuvers. When 

the deceleration due to braking ceases, the belt winds up on the spindle as 

the belt Lleearer leans back. 
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Precautionary notes accompanying the installation and adjustment 

instructions point out the vulnerability of the inertia reel to moisture and 

dirt. 

2. 5. 9 Air Bag Restraints (Reference 7) 

Recent interest in air bag restraints comes from require- 

ments for restraining astronauts and/or aircraft passengers during high 

“g” accelerations and decelerations. This effort is revlewed in Reference 7 

and, In this same reference, attention was called to early proposals for 

automotive passenger restraint systems. Figure 2. 5-7 shows a sketch 

of such an automotir e system contained in a patent disclosure. A recent 

mockup 1s pictured in Figure 2. 5-8. The object of the system is evident. 

It provides a spring and damper with, effectively, a relatively large travel. 

Proposals have also been made for installation of the bags in the frame 

side walls to pro\ ide protection against lateral decelerations. It 1s 

postulated that, with a proper sensing system and mechanical ingenuity, 

the deployment tlmc should not be an insurmountable problem. 

2.5. 10 Rearward-Facing Seats (Reference 3 1) 

In Reference 3 1, a car was designed around the 

proposition that all effort would be devoted to the survival of the occupants 

in the event of a crash. The resulting vehicle is shown in Figure 2. 5-9. 

The configuration is an automobile with molded seats, all of which are rear- 

ward facing. Navigation of the car is performed by a periscope and TV 

scanners and displays. Also included is a radar system (apparently for 

detecting obstacle range and range rate). The interior of the car contains 

crushable plastic behind the seats. It was postulated by the proposer that 

the material be homogeneous so that only deceleration necessary for the 

particular crash situation would be encountered. The periphery of the 
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Figure 2. 5-7 - Air Bag Restraint System 
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Figure 2. 5-9 - von Ardenne’s Safety Car 
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automobile would contain a crushable layer deslgned for energy absorption. 

It is difficult to take this proposal seriously In view of the rcllabllity require- 

ments a ssocrated \clth the navigation system, and the difficulty in obtalnmg a 

driver presentation that would enable hrm to react as though he were driving 

a conventional car form in the conventional posrtlon. 

2.5. 11 Integrated Front Seat Concept (Reference 32) 

A conceptual integrated front seat (Reference 2. 5-10) was 

presented in Reference 32. It incorporated lap belt and shoulder belt 

arrangement In conJunction with a bucket seat and folding hip restraint pads. 

An inertial lock was considered to be a part of the comblnatlon’s strap 

restraint in accordance \\ith aircraft practice. Equally important was the 

recognition gilen to the necessity for provrdlng sufficient structural 

restraint to pre\ent the rupture of the seat anchorage, This latter point 

1s of some importance since the anchorage must withstand both the inertial 

loads due to the seat mass and the loads due to body restraint reactions. 

2. b Human T oleranc e Data 

An ideal integrated seat design should provide an effective restraint 

s) stem so that impacts of the head and chest will be avoided for selected 

levels of accident se\ erlty. In practice It may not be practical to expect 

trght upper torso restramt adJustments to preclude driver chest impacts 

\\lth the steering wheel. These impacts should occur at a lower energy 
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level than the lap belted or unbelted driver, hence, some mcreased level 

of protection should be realized. Reasonable care must be exercised to 

assure that an Injury hazard IS not created due to belt loadmgs, or free 

head acceleration, which may be more severe than the simple lap belted 

occupant 1nJurles currently reported. This sectlon IS addressed to a 

rc\le\t of the human tolerance knowledge available to make InJury severity 

evaluations of integrated seat restraint system performance. 

If the ldeallzed ObJectlve of the Integrated seat (no head or chest 

Impacts) 1s achieved the required human tolerance data falls Into one or 

more of the following categories: 

1. Head accelerations forward about neck Joint. Chin to 

chest reactlons are possible. 

2. Head accelerations aft about neck Joint. Sudden flexlon- 

extension of the neck if free space 1s avallable or Impact reactions if a head 

rest 1s pro\lded. 

3. Upper torso belt and/or lap belt mfllcted InJuries. 

4. Spinal column loadings resulting from restraint 

system applied forces under a flexed body posture. 

5. Dynamic response of Internal organs due to externally 

applied accelerations. 

6. Arm and hand impacts with vehicle mterlor. 

7. Upper leg, lower leg, knee and foot impacts with 

vehicle mterlor. 

8. Human tolerance to lateral accelerations due to side 

impacts. 

9. Human tolerance to angular accelerations and body 

attitudes typical of rollover accidents. 
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Each of the above categories will be revlewed brlefly to descrlbt 

the nature and scope of the data available to assess the cffectllcnt-ss (or 

hazard) of Larlous integrated seat restraint conflguratlons. X{uch of the 

controlled experlmentatlon with human tolerance has orlglnattd in connec tlon 

with aerospace applications. The acceptable letel oi Injury has been taktn 

as undebllltated or freedom from abnormal weakness, lanquor or 

feebleness. This level \\as selected because the personnel \\ere cxpectLd 

to perform a vehicle escape subsequent to the exposure to the acceleration 

loadings. We may assume that a higher threshold of Injury 1s acceptable 

for single event automotive accidents. 

2. 6. 1 Head Accelerations -- Forward Motion 

Figure 2. 6- 1 1s a summary of tests from tht. literature 

(Reference 20) for chest-to-back accelerations. Trapazotdal pulse ShaFes 

were applied to the test sled as shown In the Inset. The solld lint lndlc,ttes 

the assigned llmlt for tolerance to meet the aerospace criteria. The 

dashed line indicates the moderate Injury threshold. The dash-dot line 1s 

the acceleration-time tolerance curve for moderate concussion from 

forehead Impact on a hard flat surface as developed by Wayne State 

University researchers. The time duration as defined by Patrlck of Wayne 

State may vary slightly from the definition t2 - tl as used hence the line 

should be a band when plotted on Figure 2. 6- 1. Since the plotted points 

\~ere not exposed to impacts per se, It IS reasonable to assume that head 

acceleration tolerance should fall closer to the dashed line than the har4 

surface impacts. Only one human point at 25 g and . 93 seconds falls on the 

moderate to severe threshold line. While this volunteer \\as able to stctnd 

momentarll) , he could neither see nor maintain a standing posture. HV 

returned to normal duty In five days. Although this level of Injury may be 

considered a tolerance level, it 1s unknown If the head had been unrestlalned 

which would permit the chin to impact the chest, whether his inJuries 

would be uorse or alletlated. 
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The onset of Lehlcle acceleration was found to be a contrlbutlng 

factor for the case of trapezoldal accelerations and with I!laxlnlunl body 

support as lndlcated by Figure 2. 6-2. The shock llrnlts fill \vlthln the 

500 glsec to 1060 g/set range. Direct comparisons cannot be madt with 

the rates of onset that occur In the Irregular waLeforms assoclatcd with 

automobile collusions, pdrtlcularly in vie\\ of the differences In rcstralnt 

s) stems, However, It 1:, of interest to compare magnltudts. A typIca 

barrier impact at 3 1. 6 mph 1 lelds an onset of about ‘470 g/set, a 

car-to-car impact of 30 to 40 mph ~$111 produce a splqe haxlng a value of 

1500 to 1700 g/set when the large engine mass 1s suddenly stopped. Slnc e 

the cause of shock, reported in Figure 2. 6-2, 1s not known to be attributed 

to L ehlcle onset q alone, and also m vLe\v of the system differences, on2 

cannot be certain that a head problem will exist under ~ehlcle crash 

c ondltlons. There 1s ample evidence that the kehlclc rate of g onset 1s of 

concern, ho\\e\er, and Its role in Injury causation must be rt sol\ ed as [‘art 

of a futurt research program. 

The prellmlnar) computer slmulatlons \\sth their stated llmltatlo 1s 

have lndlcated peak Ldlues of head acceleration of 40 g to 50 g. These 

values are at least partially due to chin contacts on the chest and are of 

concern \rhen compared to Figure 2. 6- 1. Howe\ er, the force dcflectlon 

characterlstlcs of the necks as used In the slmulatlon are best estlmatc 5” 

bastd on dummy tests. These values must be re-evaluated by examlnln,; 

high speed photographs of 11~1ng volunteers. If our neck stop force 

dtflectlon characterlstlcs are reasonable, the head dcceleratlon problerl 

requires a future investlgatlon. The solution may lie In the selection of 

harness yleldlng charac+erlstlcs to alleviate the high peak g values. 

In summarlzlng the potential for\\ard head snap tolerance we 

recognize two problems, namely g rate and peak g magnitude. Peak g 

duration 1s also oi concern but results thus far lndlcate that sustained 

high g 1s rarely oxer 20 mllllseconds for the harness conflguratlons 

computed thus far. The tolerance llmlts presented may be due to internal 

organ or brain response. Finally as an optlmlstlc comment, there \\ere 
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no non-Impact head inJurIes reported for three point harness cases in the 

Adelaide, South Australia study by Ryan and hIcLean. 

2. 6. 2 Head Accelerations - Aft Motion 

InJuries resulting from these loadings are commonly 

called whlplash by the non-medlcal population. These lnjurles occur In 

rear end colllslons which constitute about 19% of reported rural accident 

behlcles and about 2g6 ,O of reported urban accident vehicles. A deflnltlon 

of the detailed causation mechanism IS not universally accepted, There 

are some researchers who theorize that the Injury occurs early in the 

force-motion results. These proponents argue that a head rest must be 

adjusted close to the head to be effectl\e. Other researchers do not shar? 

this theor) and contend that the injury occurs at a large backward angular 

displacement. While the latter group are in the majority, the conflict IS 

expected to be resolved since Tulane Unlverslty and the NIH group at 

Bethesda, klaryland are actively pursuing the mechar,lsm of flexlon- 

c~tenslon injuries of the neck. 

Figure 2. 6-3 presents a compendium of tests for back-to-chest 

accelerations (reproduced from Reference 20). The subjects were 

restrained in full length seats \vlth head support from the seat back proper. 

The acceptable g levels are slightly less than the forward head motion 

cases. The g rate (onset of g) tolerance has been found to be slightly 

higher than the chest-to-spine acceleration case, Since the rear end 

colllslons are usually much less severe it 1s tentatively felt that no serious 

problem exists if a head rest 1s provided with satisfactory adjustment. 

h 
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2. 6. 3 Restraint System InflIcted InJurIes 

The Automotive Crash Injury Research (ACIR) project h,rs 

assembled data from 30 cases wherein abdominal injury was attributed to 

the seat belt buckle. The 1llJurles were described as bruises, abrasions, 

contusions, etc., and were considered mild or minor. A future task of 

Interest 1s an attempt to estimate and compare the probable InJuries which 

lvould have resulted had the seat belts not been worn. 

The National Bureau of Standards and Holloman Air Force personnel 

ha\c conducted restraint system tests using volunteers with a rnaxlmum 

x chicle x eloclty of 14 mph. This data 1s not yet publlshed since the data 

anal) sis is Incomplete. The maximum loop loads (approximately two times 

the belt load) for the case of lap belt only was 1550 pounds. The maximum 

belt loop Lvhen used in comblnatlon with 3 point harness \tas 1350 lbs and the 

rnaalmum upper torso portion was measured at about 1300 pounds loop loid. 

Some Lolunteers felt a paln in the stomach but \$ere \\llllng to partlclpate 

111 other tests. 

The 45 g endurance level shown In Figure 2. 6-l was achleked \Qltk an 

efficient full harness lncludlng leg straps as described b> Group H, Figure 

2. 6-4. These harness conflguratlons are not practical for the motoring 

public since 7070 of the public do not now use simple and abaIlable lap belts. 

A more tenable solution 1s illustrated by Figure 2. 6-5. However, no sutJect 

would volunteer for exposure above 11. 3 g and 280 mllllseconds. The 

corresponding lebels of voluntary human tolerance are shown In Figure L!. 6-6. 

The upper line presents acceptable g levels for the full harness \vlth le; 

straps and the lower line for the standard harness. The L olunteers comments 

for the standard harness (Group D) are repeated from Reference 21 as 

follows : 
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GROUP D 

(a) Seat belt, if9 nylon, 3 ’ wide 
(1~) Shoulder strap, ~-16 $8 nylon 

1 -3/4 ’ \\lde 

Area = 138 sq. in. 

Figure 2. 6-5 Standard Mllltary Lap and Shoulder Harness 

1 . Impact to abdomen and shoulders was quite marked. 

2. Seat belt xxas brought up against the upper abdomen, lower 

rib margins x ery forcefully, follo\\ed by sharp palns to the ribs. 

The special harness conflguratlons (Figure 3-4) was reported to have 

pinched the legs and thighs but totally acceptable. 
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1. Impact to abdomen and shoulders \\as quite 

marked. 

2. Seat belt \vas brought up against the upper abdomen, 

lo\\ er rib marglns very forcefull), follo\xed by sharp pains to the ribs. 

The special harness conflguratlons (Figure 2. 6-G) were reported to hake 

plnched the legs and thighs but were totally acceptable. 

In summarlzlng restraint tolerance we may concludt that the design 

of an effective and acceptable harness for forward Impacts poses a 

challenqlng problem. The acceptable levels (for minor InJury only) as 

sho~~n b) the lo\\cr curie of Flgurt 2. 6-6 are slightly less than tht peak 

xchlclc g’s cxpLcted 111 barrier crashes of about 30 mph or car-to-car 

clashes of about 35 mph. -A great deal of elfort 111 the design of a passllc 

mtchanlcal restraint ?ippears Justified as a follow -on effort. 

2. 6.4 Spinal Column Loadings from Rcstralnt Sl stem Loadlnqs 

The phenomenon known as “submarlnlng” has crcatcd 

?pprehenslons regarding a possible haLard in 3 point rc stralnt 5) stems. 

Fol ccrtaln comblnatlons of geometric anchorage point locations and scat 

c us11101~ st1ffnc Sb, anthropometrlc dunlm) tests ha\c sho\\n a tendcnc) to 

slide belo\\ the lap belt and an ensulng do\\n\\ard load from the shoulder 

diagonal has str esscd the dummy’s back. This phenomenon \\a s ill st 

cilsco\trtcl b\ Ford (Reference 22). Crash tests conducted \xsth ~~1x1~ 

and upper torso restraints resulted in broken backs of one type of 

,~llthropomctrlc dumn>\. Xldman (Reference 23), on the other hand, conducted 

tc sts .snd did not cxperlence this t> pe of dumm) damage. XCIR has rccordc d 

t\\o casts of spinal fractures for some high speed police car crashes xrlth 3 

pc>lnt restraints. The combined concern of the Public Health Service and CAL 

has been responslblt for lnltlatlng ln\estlgatlons. The results hcf\t bten 

reported 1n Reierence 3. 
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The conclusion to be drawn 1s that a potential hazard exists. The 

reason the sled test volunteers did not experience submarmmg may be 

due to relatlvel) hard thin cushloned seats, leg straps or both. Obviously, 

this 1s a human tolerance problem which requires research as part of an 

integrated seat follo\b -on effort. 

2. 6. 5 Dynamic Response of Internal Organs 

I 

LI 

I 

The contents of the human body are subject to an 

ampllflcatlon In peak loading slmllar to any higher order sprung mass 

system. There has been actrve research on the influence of acceleration 

pulse length on the loading of various Internal organs. Deceleration lnjurles 

to the thoraclc aorta has been of particular interest since the existence of 

tears and failures have been frequently reported as a result of post 

accident examlnatlons. The ampllflcatlon factor of a linear undamped, 

single degree-of-freedom system can reach a maxlmum of about 1. 76 for a 

one-half sine pulse shape, 1. e., the sprung mass can experience an 

acceleration of 1. 76 times the input acceleration to the supporting mass. 

Since the restraint system itself may act as a spring, the belt-torso- 

lntcrnal-organ system becomes a higher order system and ampllflcatlon 

factors may exceed the 1. 76 value of the simpler system. The sensltlve 

parameters are the ratio of pulse length to natural period of the suspended 

organ, the damping ratio of the responding system, and the input pulse 

shape. 

Figure 2. 6-7 presents the ampllflcatlon factor for the seat-to-chest 

s) stem through the harness system. The maxlmum chest g was measured 

at the chest and the maximum seat g was measured on the seat pan. The 

numbered points are test runs from Reference 21, the curve 1s a half sine 

pulse period to approximate the data. The value of 1. 6 suggests that a 

damping ratlo of about . 02 was achieved (1. 76 1s the value for zero damplng). 

Of greater interest 1s the ampllflcatlon factor of the Internal organs, e.g., 

the heart -aorta suspension, which effectively responds to the acceleration 

of the chest. The higher order system 1s more complex and estimates are 

not readily avallable for the present study. 
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Goldman and Von Glerke (References 24 and 25) have reviewed available 

data on human response to shock and Llbratlon. Table 2. 6- 1 presents the 

peak resonance measurements on the human body. The one-fourth period 

durations are llsted whose g rate (Jolt = g/set) values will attain peaks of 

20, 30, 40, 50, 100 and 200 g respectively. 

In summary the dynamic response problem requires careful 

conslderatlon to assure human protection from internal InJurIes. An 

Integrated seat which 1s properly designed to shape the applied pulse to the 

body can do much to avoid the consequences of a “tuned” system which may 

txlst under certain crash condltlons. 

2. 6. 6 Arm and Hand Impacts 

Frontal impacts of automotive vehicles are of very short 

duration. Aldman (Reference 23) has shown that the effects of human 

muscular restraint are quite llmlted, except for low energy impacts. As a 

result the arms are likely to flail around and be exposed to Injury. Thl s 

problem 1s not considered serious, however, since ACIR data lndlcates 

that only 8 dangerous InJurIes to the arms exist In a sample of 34, 700 

injuries. Even those InJurIes were very likely to have occurred to unbelted 

occupants who were exposed to glass cuts or were ejected from the vehicle. 

2. 6. 7 UPPer Leg, Lower Leg, Knee and Foot Impacts 

The lower extremities are currently the third most 

vulnerable body area for injury to the driver and front right occupant. The 

major cause of InJury 1s the instrument panel. Since the large majority of 

ACIR cases involve unbelted occupants, an integrated seat which does not 

rupture Its anchorages should slgmflcantly reduce the severity of this type 

of injury. However, the lower extremltles will still be subJected to 

for\rYard and upuard motions, and InJury allevlatlon will remain as an 

interior design problem. 
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2. 6. 8 Human Tolerance to Lateral Accelerations 

Lateral acceleration exposure IS an important problem 

In automobile accidents. The frequency of occurrence of side impacts in 

urban accidents IS about 17oJ, hence, research 1s warranted to cstabllsh 

related human tolerances. 

The Air Force has conducted 87 tests on lateral acceleration 

(Reference 26) effects on the Bopper sled, The results have indicated that 

at a peak sled deceleration of 11. 6 g one subject was exposed to possible 

cardlo\ascular in\ olvement. Peak head acceleration was measured at 

24. 7 g. Human tolerance to lateral impact while restrained with a lap 

belt and over-the-shoulder harness has been demonstrated m a limited sense. 

a. No permanent physlologlcal changes were reported for healthy young 

lnale volunteers while exposed to Impacts of 11. 59 G’s average and durations 

of approximately 0. 1 seconds. 

b. Minor physical complaints, such as muscle stiffness (neck musculatlon), 

occurred in greater than 60 410 of the exposures after the 8 G series (average 

exposure 8. 8 G’s). 

C. The comblnatlon lap belt and over-the-shoulder harness was effective 

In restralnlng the torso at all levels tested (maximum average 11.47 G) as 

shown by a stablllzed average torso deflectlon of approximately 5 degrees 

from the vertical in the dlrectlon of travel. 

d. Head angular deflection should be considered as a possible problem 

area while the torso IS restrained. SubJective complaints indicate a 

prcdommance of neck musculature discomfort. 
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t. The chtst/sled average ampllflcatlon factor Increased with lncreas ng 

\ ehlclc decelerations, reaching an aLerage of 1. 75 for the 10 G series 

(a\< rage 10. 56 G). 

f. The head-chest a\ erage ampllflcatlon factor fluctuated throughout 

the series bet\\een 1. 15 and 1. 20. 

6. Exposure of volunteers to decelerations greater than approxlmatc ly 

12 G s laterally and time durations of approximately 0. 1 seconds should bc 

111~ estlgated \\lth bloloqlcal specimens other than man to In\ estlgatt. posslblc 

ca1 dlo\ascular responses to Impact. 

Additional research 1s required on the head InJury mcchanlsm 

associated \\lth lateral acceleration of the human Lvlth 7 arylng drgrc.cs of 

torso restraint. The head 1s known to be vulnerable to side impacts as 

rt\ lewed b) McHugh (Reference 27) In dlscusslng Head Injury and Temporal 

Bone Fractures. In closed head Injury, fractures of the temporal bone may 

bc longltudlnal, transverse, or a comblnatlon of both. Cllnlcal exptrlencc 

of many (and experiments of Proctor, GurdJlan and Llssner) confirm that 

longltudlnal fractures of the temporal bone occurs more common11 from 

blon s to the temporal and parletal regions than from blows to the occupltal 

or frontal areas. The medical effects (selerlty of injury) \\hlle compllcatcd 

arc gtnerally kno\\n. The energy required to produce the fractures and 

resulting Internal brain inJurIes are not completely documented. 

In summary there 1s a need for much research to establish human 

tolerance to side Impacts. Since human skull anatomy differs substantially 

fl om animal skulls It 1s expected that reconstructed accident techniques 

ln\ol\ lng humans ,\lll be necessary to supply the needed data. 
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2. 6. 9 Human Tolerance to Angular Accelerations 

During rollover type accidents the restramed occupant will 

be subJected to combined lmear and angular accelerations. There are data 

on human tolerance to lmear splnewlse accelerations and to transverse 

(chest-to-back) accelerations. The added angular motions are not easily 

e\ aluated. It 1s expected that some experlmental programs ~111 be 

necessary to evaluate human tolerance In rollover accidents. Some 

appropriate prellmmary research programs ~111 be suggested in a forth- 

coming CAL report \\hlch could provide some gross human tolerance 

iniormatlon to angular accelerations, 

“Occupant Protection”, FHA Contract No. FH-11-6574. 
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2. 7 Industry Progress on Safety Seats 

2. 7. 1 General Comments 

Members of this study team vlslted Gcncral Motors on 

September 13, and Ford Motor Company on September 14, 1967. Both 

companies’ representatl\ es u ere responsive, cooperative, and c ourttous, 

Some detalled dcslgn features and long range conceptual designs \Eerc 

\\lthheld as being proprietary, dlscusslon was llmltecl to generalltles 

regarding tht nature of their research. No Judgments were made on 

potential effectlbeness or the level of effort on the long range Items. 

Both companies are supporting blodynamlc research proJ”cts. 

2. 7.2 Current Seat T ethnology 

Design emphasis and importance 1s directed to meeting 

current Federal Standards with regard to anchorage loadings, rear occupant 

protection requirements and seat back energy absorption and strength. 

Design practice 1s based on conslderatlon of the interior as a system. 

Seat adjustmtnts, control access, and Interior Impact points are studled 

<IS they are Influenced by ~ehlcle control requirements as \srell as occupartt 

kmematlc s during an accident. Engineering compromises are made necessary 

by the fact that both the 95th percentile male and 5th percentile females 

must be accommodated as occupants. 

2. 7.3 Future Seat Research - - General Motors 

This manufacturer has made prellmlnary studies of a 

variety of seat types. General Motors designers have studled proposed 

designs which have emerged such as the Cox of Watford seat, and Irblng 

AIrchute’s seat design to name two. Also, some proprietary work 1s 

progressmg on plastically yleldmg seats. Seat design 1s a contlnulng effflrt 

and no conflguratlons have yet been sufflclently evaluated from the 1 zext - 
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points of comfort and crxsh aspects. Computerized slmulatlons have been 

rlscd in the study of occupant klnematlcs In impacts. Some prototype 

dLslg:ns ha\~ been built and tested on the acceleration sled. No firm trends 

\\Cre expressed regarding the rationale used In seat design. 

General Motors l,a\c also “acceptance tested” some seat designs 

and restraint systems for comfort and convenlencc. Employees have been 

\\ldcly used to crltlquc ideas. Retractors have been wvldely used, some are 

nlountcd to the sLat. Three point harnesses have been Installed, some 

complaints of discomfort have been expressed due to harness and buckle 

\ ( 1ght. Unustd hanging belts have been found to bc a complalnt item smce 

their motion poses a psychological hazard. Belt storage 1s considered to 

be 1 cl y important. 

Hedd rests have been offered on GM cars as optional equlpmcnt. 

A GM conslderatlon 1s the assurance that mounting sockets are non- 

hcFzardous when head rests are removed. 

GM 1s continuing studies regardmg the appropriate width of a head 

rtst. Men drlvcrs ha\e been found to sit toward the door whereas womtn 

drlvcrs tend to sit toward tht center of the scat. A wtdth to suit the 

extremes may Interfere with Llslon. 

Professor Patrlck of Wayne State Unlverslty 1s performing some 

‘\ lhlplash” tolerance studies. Dr. I. McNab 1s also studying flexlon 

1nJuric.s. 

Some late ral Impact protectlon improvements arc being sought by 

means of arm rest design. Surface curvature(s) and energy absorbing 

charactcrlstlcs drC being examined with a view toward provlslon of lmprovcd 

lateral rcstralnt and allevlatlon of InJury. The air bag type of rcstralnt 

system 1s consldercd to be lmpractlcal for side rcstralnt. 
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2. 7.4 Future Seat Research -- Ford 

Ford Motor Company 1s working toward the same 

objectives as those reported for General Motors. Emphasis has been given 

to detailed fcaturcs in order to progressively develop better seat dtslgns. 

The lncrtla reel 1s such a dexlce. Tests at Ford ha\e indicated a 30@0-350’1, 

rellablllt) on existing alallable types. This performance 1s deemed 

unacceptable, Also, thclr tests rexeal that an added larlable amount of 

restraint slack 1s introduced before the reel locks. This increase In slack 

1s detrimental to the performance of an upper torso harness. Ford 

dtslgners have attempted to provide a reel which 1s actuated by vehicle 

ticceleratlon rather than occupant motion relatlxe to the ~ehlcle. The 

acceltration component of graclty on an incline tends to dcfcat tht 

prlnclple unless stnsltl\lty llmlts are adjusted to preclude the problem. 

Other crash generated effects are being examined as posslblc means of 

cngaglng the reel In hopes of clrcumventmg the requirement for slog\ 

occupant mo\ ement to preclude un\\anted locking. Ford engineers feel 

con\ cnience 1s a primary objective, neat storage is a part of conbenicnce. 

Head rest lnstallatlons ha\ e been made for e\aluatlon purposes. 

IItad and eye motion studies indicate that drivers turn their heads to confll m 

that a lane 1s free of traffic before turning. Small drlrers ha\e expressed 

annoyance about the ~lsual obstruction produced by a passenger head rest. 

Blomechamcs engineers at Ford have expressed concern regarding 

the added injury potential of a rear end impact In \\hlch \\hlplash t)pe 

loads are applied \\hlle a person’s head 1s turned slde\rfays. An lnstlnctl\e 

response \\hen tires squeal 1s a head turning mocement. Neck \ ertebra 

are more vulnerable to InJury \vhen the head 1s turned sldexxays. 
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Side Impact protectlon 1s consldered to be a very dlfflcult problem. 

Fixed lateral restraint poses Ingress and egress problems. A swivel scat 

type design appears to be required, Chrysler’s swivel seat, offered as 

optional equipment 111 the past, was not popularly accepted. 

Finally, both GM and Ford have been working on child restraint 

systems, Ford expects to offer a child restraint shield In the near future. 

2.8 The Application of Cost Benefit Analysis to Integrated 
Seat and Occupant Restraint Performance 

Introduction 

The objective of the analysis 1s to provide the declslon maker with 

the cost and benefits of alternative seat concepts. More speclflcally, the 

incremental protection provided by the seats beyond that provided by present 

seats must be developed together with the associated costs. 

Cost-benefit comparisons appear relevant at two levels. One IS 

concerned with the incremental protectlon achieved on a per unit basis. In 

this case, the analysis 1s focused on one or several types of passenger 

L ehrcles equipped with alternate seat conflguratlons In the most prevalent 

Impact colllslon sltuatlons causing Injury to the passenger. The other deals 

with the overall protectlon afforded by the candidate seats as may be reflected 

In national statlstlc s. This analysis involves selectlon of a time period as a 

basis of comparison, and also requires estlmatlons of the number of vehicles 

which ~111 be equipped \vlth the candldate seats during the time period, the 

usage rate of restraints associated with the candldate seats, the llkellhood 

(frequency) of occurrence of various types of accidents, the relative number 
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of different types of passenger-vehicles In the population where protectlo? 

afforded by the seats may be related to vehicle size and weight, and the 

influence of other protection improvements internal and external to the ccirs 

~~hlch may be developed. 

Although the second cost-benefit comparison may be more 

meamngful, It will require a greater number of mltlal assumptions and 

estlmatlons than the first and as a result will be less precise. A number 

of sensltlvlty studies will be required In the second type of comparison tc 

ascertain the effect of the various assumptions on the final results. 

Cost Measure 

The pertinent cost 1s the difference between the cost of existing o - 

projected future standard seats and that of the candldate seat concepts. 

Current ~ehlcles are equipped with two types of seats -- bench or bucket 

\\hlch are either manually or electrically adjustable. In order to determine 

the incremental cost of lnstalllng the new seat concepts we must lrntlally 

determine the difference m cost between the new seat concepts and the types 

of seats they replace. The determlnatlon of the cost as related to the 

impact of the new seat concepts on national statlstlcs will require proJection 

of the number and kinds of standard seats which may be incorporated In rew 

cars \blthln the stipulated time frame, estimating the costs of these seats 

and then determlnlng the addltlonal cost incurred by lntroduclng the new 

seat concepts. 

Benefit Measures 

Benefits represent the added protection offered by the new seat 

concepts. Four benefit measures are suggested here: 

1. Increased usage of restraints, by means of 
Improb ed convenience 
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2. Reduction In the physical forces acting on the 
vehlc le occupants. 

3. Reduction m the number of fatalltles and number 
and severity of InJurIes. 

4. Dollar savings resulting from Item 3. 

The particular measure employed depends on the Intended use of the 

data. Brief dlscusslons of the appllcatlons of each measure are presented 

below. 

The first measure may well be the most slgnlflcant benefit. How- 

ever, It will be a dlfflcult item to predict. 

The second measure applies where the protection afforded by the 

Integrated seat 1s evaluated in combmatlon with other protective features 

such as a change in the vehicle structure. The reduction in the physlcal 

forces serves as the common denominator for baslcally different approaches 

to protecting the occupants. It should be noted, however, that this measure 

lrnplles knowledge of the relatlonshlp between the physical forces acting on 

the occupants and the resultant InJuries. 

The third measure 1s useful for comparmg different integrated seat 

concepts or seat concepts vs other means designed to protect the occupants. 

The fourth measure which expresses the benefits and costs In the 

same units can be employed for break-even analyses. For example, it can 

serve to answer the question: Given the incremental cost of an Integrated 

seat, what reduction In InJurIes or fatalltles 1s required for the seat to pay 

for Itself 7 

Care must be exercised In Interpreting the benefits when expressed In 

dollars, because the translation Into dollars will obscure some slgnlflcant 

qualltatlve differences. To Illustrate, if the dollar cost of three light 
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inJurIes are the same as for one serious InJury, the benefit measure will 

not dlstlngulsh between them. Similarly, if the cost of a fatality 1s less 

than for a severe injury, the study results may become mlsleadlng. 

Presentation of Results 

Using the foregoing measures of cost and benefits the results can ke 

presented in a number of ways. A single value of costs and benefits can 

be obtained by computing cost-benefit ratios either for speclflc colllslon 

sltudtlons or using a weighted average of different collision sltuatlons. A 

point to be noted, however, 1s that the largest ratio does not necessarily 

indicate the desired course of action, because even a large ratlo may not 

mean a signlflcant increase In passenger protection. Also equal ratios 

may not lndlcate equal benefits. 

Example : 

(1) Incremental Benefit 
Incremental Cost 

(2) Incremental Benefit 
Incremental Cost 

(3) Incl emental Benefit 
Incremental Cost 

=.$ = 10 

= + = 2 

Alternate methods of presenting results can include the grouping of data by 

speclfled levels of incremental costs and/or benefits. Tht speclflc method 

used to best present the results of the analysis cannot be determlned 

aprlorl. 

h 

h 

J 
‘I L 

.I 
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State-of-the-Art of Applicable Measures 

The application of cost benefit analysis to integrated seats is 

presently limited by a lack of available measures of benefits. 

For the case ofan existing restraint device, such as the lap belt, 

an evaluation of benefits can be based on inJury statistics related to eJection. 

That is, the prevention of eJection has been shown to reduce fatalities. 

However, a comparison of the benefits to be derived from new forms 

of restraint systems cannot be based on existing inJury statistics. Rather, 

it will be necessary (1) to perform experimental research to measure 

performance benefits, and (2) to interpret the findings in terms of accident 

statistics (1. e. , the distribution of accident vehicles among the various 

accident types, and their associated speed ranges). 

A particular difficulty is introduced by the fact that the use of 

nt~ lorms ot rcstralnt can be expected to result in different kinds of 

injuries. If the same form of injury were associated with two types of 

restraint that are to be compared, it might be possible to compare the 

accident severities at which a given inJury severity will occur. However, 

since this is not the case, it will be necessary to define “equivalent” 

inJuries of different types. 

Another difficulty is that of predicting the magnitude of potential 

benefits in the form of increases in the extent of restraint usage. 
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3.0 AREAS OF NEEDED RESEARCH 

3.1 Restraint Svstem Environment 

The ablllty to describe the enwronment in whlc h an integrated seat 

1s to function 1s essential (1) to Its conceptual and detailed design and, 

(2) to the performance of meaningful tests and experimental c\aluatlons. 

Since the primary source of the enllronment descrlptlon 1s accident 

statlstlc s, the process of derlvatlon should be an adaptive one \Ehereby 

new data, or a relnttrpretatlon of existing data can be effectively 

a s slmllated. Because of the statlstlcal nature of many en\lronmental 

parameters, the concept of sampling from them 1s proposed. The most 

accurate procedure would be to input data from all sufflclently defined 

accidents. This 1s ob\lously not practical, but It 1s possible to 

randomly sample from the data so that common and rare occurrences are 

correctl> LX elghted. The following four Items lndlcatc specific data that 

must be assembled. 

3.1.1 Occupant Variables 

One class of variables IS that necessary to describe a 

kmematlc human model. This would include: weights, centers-of-gra\lt rr, 

dlmenslons, and Inertial propertles of the various body parts used In tht 

klnematlc model. For the general population, most of the required data 

are available (References 28, 29) or can be de\ eloped \\lth sufficient 

accuracy, RelatlL t ly speaking, occupant mass property data may be 

descllbed as “cltan” In the sense that It 1s collected under controlled 

condltlons from a large sample and not expected to bc influenced by the 

lntroductlon of an lnteqrated seat. 

A second class oi data describes occupant position In the xehlcle 

and exposure. Occupant posltlon data are required because of the correl,Ltlon 

bet\seen size and seating posltlon (e. g. , children occupying the rear seat:. 

Exposure data \\Tould describe the frequency that various seating posltlon: 

are occupied, \xhlch may be slgnlflcant lf there IS a posltlonal >arlatlon 1 I 

protection afforded by the Integrated seat. 
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3.1.2 Interior Geometry of Vehicles 

Because any restraint system deforms under load, it is 

necessary to have sufficient information available to define a minimum 

clearance envelope for all intended vehicles. The minimum distance between 

the occupant and the vehicle structure is also needed to predict the probable 

InJury due to penetration and crushing of the vehicle. The nature and 

details of the vehicle/occupant impact points will be important in arriving 

at the level of protection to be provided. 

3.1.3 Restraint System Variables 

Restraint system variables determine the loading and the 

total movement of the occupant due to a given deceleration time history of 

the compartment and the inertial load of the system itself. Because of 

anticipated nonllnearities and since the load is multi-directional, a 

considerable research effort will be necessary to determine the protection 

provided for various-sized occupants. 

Other factors in evaluating the performance of a restraint system 

are: 

(1) Comfort and safety during normal operation, and 

(2) Ease of release after an accident has occurred. 

3.1,4 Accident Variables 

These can be grouped into two categories: 

(1) Vehicle properties - of importance are the test or analytical 

data necessary to define the direction and waveform (time history) of the 

compartment deceleration. The concept of sampling accident statistics 

will be required to establish distribution of speeds and directions of 

impacts. Also of necessity in relation to vehicle properties, will be 

sufficient information concerning the restraint system/vehicle interface 
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to Insure that loads can be successfully transmltted to the vehicle structure. 

(2) ObJect propertles - the behablor of a \chlcle In a colllslon 1s 

dependent on the properties of the Impacted object, and It 1s therefore 

necessary to take Into account the deformation characterlstlcs of obstacl-s. 

The frequency 111th which various Objects are struck (e. g. , barrier, car - 

to-car, etc. ) must be predicted by sampling from a\allable accident 

statistic 5. 
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3.2 Human Tolerance Research 

The interpretation of available human tolerance data, for the case 

of pelvic plus upper torso restraint, in terms of the automobile collision 

environment is a dubious procedure at best. Much of the related aerospace 

research (see Section 2.6) has made use of trapezoidal deceleration wave- 

forms, as measured on relatively rigid vehicles in linear decelerations. 

In the automobile, highly variable, combinations of linear and angular 

accelerations are encountered, and measurements of these accelerations 

indicate Irregular waveforms containing “spikes”. It is obvious that human 

tolerance experiments are required in the restraint system environment 

of automobiles (see Section 3.1). When that environment has been ade- 

quately defined and appropriate experimental facllitles are available, the 

following items should be Included in an experimental program. 

3.2.1 Forward Head Acceleration 

In Section 2.6, it is indicated that the rate of onset and 

the peak value of vehicle deceleration are considered to be the more slg- 

niflcant parameters for this type of exposure. In the case of an irregular 

srehlcle deceleration waveform, including “spikes”, a direct interpretation 

of these items 1s not possible. However, it may be possible to relate 

human tolerance results to a specific frequency range, by means of a 

harmonic analysis of the vehicle deceleration waveform. 

3.2.2 “Submarinlng” Responses 

A “submarlnlng” response may be defined as a combmatlon 

of klnematlcs and loading that results in the occupant partially sliding under 

the lap belt portion of the restraint harness. References 11 and 3 discuss 

this problem as related to anthropometrlc dummies. While this type of 

response has not been demonstrated to occur with living humans, research 

should be performed to answer the questlons that exist regarding “sub- 

mar ining” . 
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3.2.3 Dynamic Response of Internal Organs 

The exposure llmlts in the automobile colllslon envlron- 

nlent, at which internal InJurIes ~111 be encountered, are not currently de- 

flned. Yet this lnformatlon 1s essential for a rational speclflcatlon of upper 

torso restraint characterlstlcs, That IS, the responses of the Internal or- 

gans ~~111 be strongly influenced by the filtering, or pulse shaping, effects 

of the upper torso restraint. Also, It has been frequently proposed that 

an upper torso restraint should yield at a constant load, or ’ saturate”, 

at some loading condltlon below the injury threshold. 

3.2.3 Side Impact Tolerance 

Research 1s necessary to generate human tolerance data 

under condltlons of the automobile colllslon environment in side or oblique, 

impacts. This lnformatlon 1s required to establish performance crlterla 

tor the lateral restraint features of integrated seats. 

3.3 Principles of Occupant Protection 

Front the revie\x of exlstmg integrated seat and restraint system 

concepts and of the relatively sparse suhstantlatlng data associated with 

many of them, It becomes apparent that a serious gap exists in current 

programs aimed at improved crash protection of automoblle occupants. 

There 1s presently no organized evaluation and development actlrlty for 

ne\x or existing concepts, with the exception of limited proprietary ac- 

tlvltles v. lthln the automobile industry. 

In vie\\ of both the complexity of the restraint system enblronment 

(Section 3.2) and the dearth of applicable and deflnltlve human tolerance 

data (Section 3. l), the tasks of (1) evaluation of a specific concept, or 

prlnclple, and (2) development of applicable performance criteria are be- 

yond the means of lndlvldual inventors and small companies. Also, such 

an actlvlty tends to be highly speculative, since the systems nature of 

occupant protection ~111, in most cases, require the marketrng of a novel 
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concept through the automobile manufacturers rather than by direct sales 

to the public. Another risk factor to be considered is the possibility that a 

technically successful concept may not meet with public acceptance. 

For these reasons, the development and evaluation of new concepts, 

or principles, is not being pursued in as vigorous a fashion as the national 

problem warrants. A key problem in the improvement of this situation 1s 

definition of the proper role of the Federal Government in the development 

and evaluation of concepts and principles that may be embodied in patented 

devices. If the related policy questions can be resolved, the support of 

such an activity by NHSB would appear to be one of the more fruitful future 

programs. 

Examples of concepts and principles that could be included in a 

program of combined experimental and analytical research are the following 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Energy absorbing seat structures and/or seat 

anchorages (1. e., by means of design for plastic 

deformation). 

Tilting seats - both powered and inertial. 

Yielding restraint belt anchorages and/or devices 

in series with belts. 

Automatic belt tighteners. 

Inertia reels actuated by vehicle deceleration 

as well as belt motion. 

Head rests with yielding supports. 

Swivel seats with structural “wings” for side 

impact protection. 

Moveable sections of the instrument panel to 

provide occupant res tralnt. 

Air bags. 
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In vlev. of the fact that the described research program would require 

Improved deflnltlon of human tolerances (Section 3. 1) and of the restraint 

system environment (Section 3.2) it could serve to provide guidance and 

priorities for separate research actlvltles related to those topics 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

li 

CL 

h 

The Integrated seat concept has been found to show promise as a 

safety device for both lmproxlng the performance of and lncreaslng the 

usage of occupant restraint In automobiles. Although the most appropriate 

conflguratlon for torso restramt 1s still open to questlon, it appears likely 

that lap and shoulder belts incorporated into the seat structure will prove 

to be a first step toward integrated occupant restraint. The lncorporatlon 

of lateral restraint, as In the “winged” Liberty Mutual integrated seat 

will constitute a step toward provldmg the occupant protection needed in 

side Impact and other accident types that produce side acceleration 

c omponent s. 

Evaluation of integrated seats, or any other safety device, requires 

performance criteria. At present, the only restraint system crlterla are 

belt strength and locations and loads for attachment points. These are 

Inadequate. Occupant restraint performs as a system, crlterla must be 

based on system performance rather than on lndlvldual components. 

Compliance tests should also be established on a systems basis. With data 

on human tolerance and the accident environment, system performance 

criteria and requirements for occupant restramt can be formulated, 

The following recommendations are almed at the design of a program 

that will meet the determmed needs and that ~111 be consistent with the role 

of NHSB, 1. e. , to promulgate effective and reliable vehicle safety standards 

and to conduct and stimulate research and development for the necessary 

backup and evaluation. 

C 
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-I. 1 Short Term De\ elopment 

The folio\\ mg theoretical and experlmental research could bcgln 

lmmedlately with the short term obJectlve of deflnlng lmprovc d occupant 

restraint concepts and prellmmary (estlmatcd) performance charactcrlstlcs 

u ithin one year. 

4. 1. 1 Evaluation of Exlstlng Design Concepts 

4. 1. 1. 1 Yleldmg Seat Structures and/or Seat Anchorages 

Tht. prellmlnary analytical exploration of potcntlal bencflts 

of integrated stats (Sectlon 2. 2) has lndlcattd that seat structurts dcslgncci 

for plastic deformation and headrests are the more promlslng of the dcslgr, 

icatures Included In the study, for improved occupant protcctlon in pure11 

longltudlnal (1. e. , fort and aft) Impacts. In wew of this flndlng and also in 

L~C\X of the predominance of frontal impacts as a source of fatalltlcs and 

serious lnjurles (see Section 2. l), seat structures that yield under impact 

loading should receive first attention in a program of research and 

development of integrated seats. This feature IS, of course, present in 

the Cox seat (Reference 4). The Cox seat would therefore appear to be a 

logical starting point for future developments. 

The proposed program should include both analyses and experiment, 

aimed at c\aluatlon of the effects of occupant sizes, Impact condltlons, 

loading bl rear seat occupants, rear impacts, etc. An attempt should be 

made, on the basis of alallable tolerance lnformatlon, to establish the 

lccels of yield forces that ~111 achieve a balance bet\\eeen tht hazards of 

lnterlor contact and those of internal InJurIes. 

104 YB-2499-V-1 



4. 1. 1. 2 Investlgatlon of “Submarmme:” Responses 

For the case of purely frontal co111slons, the results of the 

analytlcal study mdlcate another potential benefit from integrated seats, In 

the form of a reduced tendency toward “submarmmg” (see Reference 3 for a 

dlscusslon of the “submarmlng” phenomenon). It should be noted, however, 

that “submarlnlng” has not yet been demonstrated to occur with llvmg 

humans, It may constitute only a reflectlon of deflcrencles m the design of 

anthropometrlc dummies. Research should therefore be performed to 

answer the questions that exist regardmg “submarlnlng”. 

This research should Include low severity experiments using llvlng 

subJects who are wearing upper torso restraints, In order that detalled 

comparisons can be made between the responses of the llvlng SubJects and 

those of dummies with this type of restraint. An analytical study of the type 

.l reported 111 Reference 3, but with a greater scope and with exper 

L erlflcatlon of flndlngs, should be performed. 

imenta 

4. 1. 1.3 Tilting Seats 

Among the concepts revlewed In this study, one novel 

prlnclple that may offer benefits in fore-and-aft colllslons 1s that of tlltlng 

the seat (e. g., Protect-0-Matlc, pendulum seat, pedestal seat, etc.). 

Unfortunately, none of the several forms of the tilt seat prmclple 1s known 

to have been subJected either to detalled analytlcal study or to appropriately 

instrumented crash tests. They also Involve some potential systems problems 

(e. g., possible Interference with other occupants, loss of driver control 

functions, etc. ). However, at least one form of the principle (1. e. , Protect-O- 

Matlc), on the basis of documentary films of tests, 1s consldered to merit 

further mvestlgatlon. 
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It 1s proposed that the tlltlng seat concept be first ebaluatcd by 

means of an anal) tlcal lnvestigatlon. The analysis, b) means of thr. CAL 

slmulatlon of the crash \ lctlm (Reference l), would lncludc such lttms as tilt 

angle, tilt rate, location of seat pivot, time increment between trlggcrlng 

and seat action, ust or non-use of seat belt, etc. Emphasis would be 

placed on determmatlon of trends In spinal compression and bendlng forces 

and In neck flexure effects \\lthln the llmltatlons of the dlgltal slmulatlon. 

The effects of barylng such parameters on passenger acceleration and 

trajectory \\ould be studled for various simulated lehlcle impact \elocltle , 

\\lth representative deceleration magnitudes and \\a\. eiorms. The exl sting 

CAL slmulatlon would require modlflcatlon to include seat tilt as well as 

more detail on the representation of spinal compression and bending forces. 

The proposed research would provide understanding oi the ‘protcctlve” 

effects of parlous conflguratlons of tilting seats and of the sensltl\ltles of 

lnstallatlon dlmenslons 111 relation to performance. 

Follo\%sng the analytical study, prototype hardvlare should be 

designed and fabricated. The prototypes should be subjected to experimental 

testing to ~erlfy the preceding analytical findings. 

4. 1. 1.4 Lateral Restraint Features 

The preceding items of dlscusslon have been concerned 

~~11th benefits in the form of improbed performance of the restraint functions 

that can bt currently provided by available belt systenls. Howe\ cr, 

integrated seats can also provide restraint functions that are not present 

111 existing restraint systems. For example, most actual “frontal” impacts 

include lateral and angular acceleration components. Therefore, there are 

llhcl) to bt substantial benefits from the lateral support that can be provided 

by an integrated seat in “frontal” colllslons which are not indicated by the 

planar slmulatlon study. Experimental research should be performed to 

c~aluate concepts and to establish performance criteria for lateral 

restraint. 
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II 

4. 1. 1. 5 Inertia Reels 

A program of experlmentatlon should be lnltlated to 

measure the performance, rellablllty, and the sensltlvlty of currently 

avallable Inertia reels. 

4. 1. 1. 6 Belt Tighteners 

An lnvestlgatlon should be made of the feaslblllty of using 

automatic belt tighteners m automobile restraints, as a means of lmprovlng 

both performance and convenience. Ryan (Reference 19) has demonstrated 

prototype hardware for this purpose, using his proposed hydraulic bumper 

as a source of both the slgnal and the required energy. Military belt 

tighteners should be revlewed In detail as a part of this research task. 

4. 1.2 Prellmlnary De sign Studle s 

Much of the success of the Integrated safety seat concept 

depends on its convenience and practical utility as installed In typical 

automobiles. It 1s desirable therefore to mltlate several creative 

prellmmary design studies which ~111 generate new Ideas and work out 

dlmenslonal and material characterlstlcs of various types of integrated 

safety seats. 

One such design study would be on the passive (occupant) restraint 

systems. 

The rationale for this study 1s presented in Reference 33. It 1s 

presented here as recommended research as it relates directly to the 

sub-ject of integrated seats. 

An exploratory engmeerlng study to generate fully automatic (or semi 

automatic) restraint system preliminary designs should be conducted to 

determine the feaslblllty of passive (occupant) restraint systems. If 
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practical means for restraining all occupants automatically can be achieved, 

then a major step in lmprovlng overall occupant protection will be achlevtl. 

(Approxlmatel) 70 “b of occupants do not use avallablc seat bc Its.) 

It 1s recommended that a study be conducted (1) to provide Inockup:, 

of passive restraint seats, (2) to conduct surveys regarding comfort and 

acceptance and (3) englncerlng evaluation of protection provided. Seat 

designs would take Into conslderatlon dlstrlbutlon of occupant sizes, vehlc c. 

control locations, and applied loads. 

Outputs of such studies would be evaluated by FHA to determine 

promlslng new concepts for further exploration In the long range program. 

4. 1.3 ACIR Study of Neck Flexure Effects 

An ACIR study of neck InJuries should be performed to 

determine Lvhether differences occur as a function of seat back conflguratlon 

and occupant height. In Figure 4. l- 1, a relatlonshlp between 6 and injury 

lrould be sought with a view toward determining the Influence of potentially 

different “stop” effects In the shape of the upper seat back. 

Sample Requirements of Study 

1. 

2. 

3. 

Cars with good rear seat shelf 

Rear impact 

Front and rear occupants present 
(In same car) 7 
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Figure 4. l- 1 Head Stoppmg Action 

4. 1.4 Prellmlnary Performance Requirements 

A study should be performed to defme prellmmary 

performance requirements based on results of the presently proposed short 

range program and on existing research, 

Pertinent questions to be studied would Include: 
. How would an Integrated Seat be 

evaluated? 
. What are appropriate performance 

measures 7 

. Define a compliance test. 
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4.1.5 Formulation of Methods for Estlmatlcg 
Effectiveness of Passenger Car Restraint Systtnls 

The dlscusslon of Cost/Benefit anal) SIS, hcctlon 2. 8, 

points out that the basic problem In estlmatlng cost/benefit ratios of r< strd nt 

de\lces 1s In determination of the Expected Benefits of ne\\ types of devices 

In a world \\here eben the exlstlng standard device (seat belt) 1s not fully 

evaluated . The Dollar Cost of present and future types of restraint devlccs 

IS relatively simple to estimate with reasonable confidence. The Expected 

Benefits of new types of devices such as three-point systems, lntcgrated 

scats, etc. is, at present, fraught with great uncertainty in a quantltatl\t 

sense. 

The follow-on analytlcal and experimental research program outllne 1 

111 this rtport seeks to prollde some of the data which wclll be useful in estlrlatlng 

Effcctl\cness of barlous forms of Integrated seats and other types of restra nt 

devices. El en when such data 1s obtained, it will still require formulation 

of some form of pseudo-arbitrary method (evaluation model) of comblnlng 

the benefit factors In some quantitative and convmclng fashion to yltld an 

Expected Measure of Safety Effectiveness for a particular type of device. 

It 1s recommended that, rather than wait out the experimental 

program, a study be undertaken now to formulate sexera different restraint 

system evaluation models capable of expressing safety effectiveness of 

Larlous types of restraint systems, both on an lndl\ldual de\lce le\ el and or 

a national level. Such models would serve several purposes: 

. They would identify the important factors to be 
considered. 

For prellmlnary dlscusslon of an Effectiveness Measure see, 
“The Dlscoberv and Control of EJection In Automoblle Accidents”, 
by Robert A. Wolf, Journal of American Medical Assoclatlon, 
April 21, 1962. 
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. They would provide prellmmary estimates of 
effectiveness m a rational framework. 

. They would guide experlmental research m 
gathering the type of data needed for e\aluatlon. 

There are many possible approaches to formulation of evaluation 

models and it would seem logical to start with a representation of an 
:‘. 

exlstlng device (the seat belt ) and then move to an estimate of the 
:’ : 

effectiveness of a relatively new device (3-point system ) and finally 

compare this with a variety of yet untried concepts (Integrated seats). The 

U. S. Public Health Service (in its internal planning) has formulated a 

crude approach to evaluation of the seat belt and this could be used as a 

starting point. 

Use and effectiveness data 1s avallable from hlghway surveys 
and ACIR accident research as well engmeermg crash tests and 
sled tests. 

Use and effectiveness data not generally avallable but should 
become so m the near future. 
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4.2 Long Range De\ clopment 

To lmpro\e techniques for evaluation, obtain lnformatlon on the 

accident en\lronment, Increase knowledge on human tolerance, and contlnut 

to generate ne\\ concepts and designs, a long range program of restarch 1s 

recommended. Speclflc tasks for such a program are outlined In the 

iollowing paragraphs. 

4.2. 1 An Acceleration Sled for Combined Angular 
and Linear Accelerations 

Existing acceleration sled facllltles do not adequately 

simulate the colllslon environment In car-to-car side Impacts, single 

\ ehlcle side impacts, and rollovers. That is, the effects of angular 

accelerations are not Included rn existing sled test facllltlcs. Since 

increased lateral restraint and rollover protection of tht occupant arc 

major ObJeCtls es in many proposed forms of integrated seats, it follo\cs 

that lmpro\ed test facllltles ~111 be necessary for related programs of 

de\ elopment and evaluation. 

It 1s recommended that a program of research and development be 

lnltlated with the objectls e of producing an acceleration de\ ice that ~111 

proxlde a more reallstlc physical slmulatlon of car-to-car Impacts, slnglc 

1 ehlcle side impacts, and rollovers. A test facility 1s enclsloned, in the 

form of a modlfled acceleration sled, In which adjustable comblnatlons of 

time-varying linear and angular accelerations can be programmed, and in 

\shlch the axis of rotation for the angular motion 1s an adjustable time-varvlng 

parameter. The exact physical conflguratlon of such a faclllty 1s not yet 

clcfmc d. It 1s therefore suggested that a conceptuallzatlon and design 

competltlon be sponsored by the Department of Transportation to establish 

performance requirements, possible conflguratlons, and cost estlmatts 

for such a facility. 

li 

J 
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4.2.2 Human Tolerance Research 

Human tolerance mformatlon for the restralned occupant 

In the automobile colllslon environment ls, of course, the key Item m any 

research aimed at improvement of occupant protectlon In automobile 

collisions. Yet, applicable data are currently very llmlted. This aspect 

of the recommended long range research 1s therefore consldered to be an 

item that should recelk e prlorlty attention. 

4.2.2. 1 A Program of Experiments 

Using a faclllty such as that described In 4. 2. 1, a series 

oi tests should be performed with volunteer SubJects at low severity levels 

and with trauma-mdlcatlng dummies and cadavers at higher severity levels. The 

acceleration environments applied to the occupants should be based on 

englneerlng and statlstlcal studies of actual automobile accidents and 

should cover the spectrum of accident types and severltles. In this 

manner, human tolerance mformatlon c 

speclflcally to automobile colllslons. 

ould be generated that would apply 

4.2.2.2 Accident Reconstruct1 on 

A maJor difficulty that hampers progress In the development 

of human tolerance mformatlon applicable to the colllslon environment of an 

automobile 1s the mablllty to use llvmg volunteers In tests that approach 

injury thresholds. Exlstmg restraints In automobiles permit relatively 

large changes in the posltlon and orlentatlon of an occupant, and impact 

forces on the vehicle lnterlor tend to predominate In the production of 

injuries. (Note that yleldmg upper torso restramts will continue to permit 

interior contact at high severltles.) The lnterpretatlon of results obtained 

with cadavers, dummies, and animals In terms of the tolerances of living 

SubJects leaves much to be desired. 
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Human tolerance as related to the Integrated seat, \\lth its assumption 

of more-or-less total rcstralnt must be concerned prlmarlly ~slth (1) fort cs 

qencrattd by belts and other restraints on the occupant, (2) lntcrnal organ 

response to acceleration, (3) whole body accelerations, and (4) body 

component response (e. g., whiplash). The Bureau of Standards has obtalncd 

101~ speed data with human subjects on item (I), the U. S. Air Force has 

been conducting research on item (2). Howevtr, this xvork has ncccssarllv 

been In low se\erlty sltuatlons and has made use of linear dccelcldtlon 

ClL\ 1ccs. 

It 1s proposed that, as a supplement to experimental research 

programs, a maJar effort should be applied to the de\clopnTent of 

analytical means of accident reconstruction, \\lth the obJectl\e of derl\lng 

detalled human tolerance lnformatlon from actual highway accidents. The 

technical and economic feaslblllty of analytically predlctlng three-dlmenslonal 

~ehlcle responses in certain types of single ~ehlcle accidents has recently 

been established (Reference 30)) and the CAL crash ~lctlm slmulatlon 

(Rcfercnce 1) has been sho\\n to accurately predict occupant klntmatlcs 

111 longltudmal colllslons. With the crash llctlrn slmulatlon extended to 

treat three-dlmenslonal motions (see Sectlon 4. 2. 3), It should be feasible 

to de\ elop lteratlxe techniques Lvlth which the external physlcal elldence 

(c* 6. , skid marks, \ ehlcle damage, etc. ) and the internal physical 

clldence (e. g, , dents In interior, fracture patterns on glass, etc.) can be 

used to reconstruct the exrent. From a reconstructed accident, supplemcr ted 

by laboratory experiments, it should be possible to accurately relate 1nJurles 

to speclflc condltlons of deceleration and loading. 

The appllcatlon of the proposed reconstruction techniques only to 

accidents with 3 point restraint systems, as a means of gcneratlng data 

applicable to integrated scats, 1s ob\lously not feasible from the \le\vpolnl 

of the limited total number of such cases \clthm range of d special 
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investigation team. Rather, the proposed reconstruction techmques should 

be applied to all available accidents. The general tolerance mformation 

thus generated can serve as a basis for “trade-off” decisions related to 

occupant protection (e. g. , yleldmg upper torso restraints which will permit 

interior contact in high severity collisions). 

4.2.3 Analytical Simulation of the Crash Victim 

The high degree of variability of the restraint system 

environment m automobile collisions (see Section 3. 2) makes it necessary 

to select specific test conditions and procedures in restraint system testing 

to represent wide distributions of accident situations, occupant sizes, etc. 

The total number of tests must be llmlted, in view of the costs associated 

with full- scale testing, and the interpretation and extrapolation of test 

results is made difficult, if not impossible, by the overall complexity of 

the system and by the prevalence of nonlmearities. From a scientific 

\ie\\point, an exclusively experimental approach to the problem of 

impro\lng the performance of a complex physical system is neither sufficient 

nor efficient. 

It is recommended that a long range program of research be 

performed to de\ elop analytical means to supplement experiments related 

to the development and evaluation of integrated seats. One task in this 

approach should consist of an extension of the existing CAL planar simulation 

of the crash victim (Reference 1) to the three-dimensional case. 

With the proposed analytical simulation, the results of a limited 

number of experiments could be extrapolated to cover the spectrum of 

accident types and severities, and a representative sample of occupant 

sizes and condltlons could be e&posed. By this means, a proper balance 

could be struck between protection levels provided by specific concepts and 

their costs. 
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4.2.4 Etaluatlon and Development of New Concepts 

Nen Integrated seat concepts that evolve should continue 

to be evaluated. Some ~~11 come from the research discussed above, 

others \v~ll come from manufacturers and Inventors. -4 contract mtchanlsm 

for conducting a contlnulng program of englneerlng studies of new conceptc, 

constructing prototypes and conducting performance c\aluatlons should bc 

provided. Sled and crash test facllltles and appropriate personnel are 

required for evaluations of actual hardware. Englneermg cxaluatlons 

could be conducted using to-be-developed mathematlczl slmulatlons not 

only to supplement experimental tests, but also to prowdc parameter 

studies almed at “optimizing” particular concepts, 

4. 2. 5 Passive (Occupant) Restraint 

Select the best design(s) evolved under the short term 

program and extend the feaslblllty research to practical prototype solutions 

Ilax ing structural mtegrltj, functional mechanisms and demonstl atablc 

cxperlmental units. 

Prellmlnary designs developed In the short range program should be 

lnco~porated into computer slmulatlons for studies to determine flnal design 

parameters. Prototype seats (2) should be constructed for acceltrator sled 

and full- scale c ehlcle experiments. Flndlngs should be translated Into 

performance requirements. 
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5. 0 SUMMARY OF RESEARCH AND DEVELOPMENT TASKS 

5. 1 Short Range Program 

The recommended short range research program, requlrlng a total 

performance period of approximately one year, would be comprised of four 

separate tasks, namely: (1) ekaluatlon of exlstmg concepts, (2) prellmlnary 

design studre s, (3) an ACIR neck flexure study, and (4) definition of 

prellmlnary performance requirements. A greater percentage of the 

manpower would be oriented toward evaluation of existing Integrated seat 

concepts. Both theoretical and experlmental studies are Included In the 

recommended short range research program. This program consists of the 

tasks summarized in the following paragraphs. 

5. 1. 1 Evaluation of Exl sting Cone ept s 

5. 1. 1. 1 Yleldmg Seat and/or Seat Anchorages 

Experlmental and analytlcal studies should be conducted to 

e\ aluate this concept. The stu&es should include both front and rear Impacts, 

ranges of Impact condltlons and occupant sizes, etc. The manpower requlre- 

merit 1s estlrnated at 24 man-months with a cost of $90, 000. 

5. 1. 1.2 “Submarlnlng” Response Investlgatlon 

Experimental and analytical studies should be conducted to 

better define the submarlnlng phenomenon and to determine whether or not 

llvlng humans are susceptible to this type of response. Required manpower 

1s estimated at 18 man-months with a cost of $60, 000. 
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5. 1. 1. 3 Tlltlng Seats 

First, an analytical study 1s proposed to txplorc the 

potential benefits of this concept, The study should lncludt rangts of 

impact \elocltles and condltrons, varlatlon of seat tilt rates, etc. Second, 

an experImenta study should be conducted to verify the analytical findings 

hlanpower 1s estimated at 18 man-months \\lth a cost of $70, 000. 

5. 1. 1.4 Lateral Restraint Features 

Experimental studies should be performed to evaluate side 

restraint concepts for integrated seats and to establlsk- performance crlterla 

for this type of restraint. Manpower 1s estimated at 24 man-months 

\\lth a cost of $90,000. 

5. 1. 1. 5 Inertia Reels 

An experimental program should be ( onducted to test the 

performance and rellablllty of currently a\allable lnertla reels. hlanpo\\ e r 

15 estimated at 6 man-months. \\lth a cost of $25, 000. 

5. 1. 1. 6 Belt Tighteners 

The feaslblllty of using automatic belt tighteners In 

automobile restraint systems to lmproke performance and con\ enlence should 

be in\ estlgated, lncludlng a re\le\\ of mllltarb types. &lanpo\\ tr 1s estimated 

at 6 nlan-months \\lth a cost of $25, 000. 
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5. 1. 2 Preliminary De sign Studies 

Several preliminary creative design studies should be 

conducted on integrated seats, including studies of dimensional and material 

characteristics, in order to explore means of making them more convenient 

and appealing to the motoring public. Manpower is estimated at 18 man-months 

with a cost of $50, 000. 

A special design study should be conducted to generate fully 

automatic (or semi automatic) restraint system preliminary designs. Man- 

power is estimated at 18 man-months with a cost of $50,000. 

5. 1.3 ACIR Neck Flexure Study 

An ACIR study of neck inJuries should be performed to 

indicate the effects of seat back geometry and occupant herght (size) in rear 

impacts. Front and rear occupants in the same accident vehicle may show 

relationship between the amount of neck flexure and inJury, since the 

occupants have different neck “stops”. Manpower is estimated at 6 man- 

months with a cost of $20, 000. 

5.1.4 Preliminary Performance Requirements 

A study should be conducted to define preliminary 

performance requirements for integrated seats, based on results of the 

presently proposed short range research program and on existing data. 

Manpower is estimated at 9 man-months with a cost of $30,000. 

5. 1. 5 Formulation of Methods for Estimating Effectiveness 
of Passenger Car Restraint Systems 

Several evaluation models should be formulated, capable of 

expressing safety effectiveness of various types of restramt systems. It 1s 

estimated that 24 man-months of effort would be required at a cost of $75, 000. 
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5.2 Long Range Program 

The recommended long range research program of dutomoblle safety 

seats, to be conducted ober a period of five years, 1s cllvlded Into four maln 

tasks, namely: (1) d e~elopment of a modlfled acccleratlon sled, (2) human 

tolerance research, (3) analytlcal slnlulatlon of tht crash vlctlm, and 

(4) c\aluatlon and development of new concepts. The purpose of this 

program IS to increase human tolerance knowledge, to more fully deflnc 

tht accident en\lronment, and to continue to generate new safety seat 

concepts and designs. The proposed tasks are summarized In the following 

paragraphs. 

5.2. 1 A hlodlfled Acceleration Sled 

De\ elopment and application of an acceleration sled facility 

1s proposed 1n which both angular and linear accelerations can bc imposed zn 

an occupant and test seat. The objective is to simulate more closely actual 

crash condltlons, especially those produced In automobile side colllslons. 

This task would cntall design, fabrication, and appllcatlon of an acceleration 

fat 111ty. 1lanpo\\er 1s estimated to be 42 man-months with a cost of $250, 100. 

5.2.2 Human Tolerance Research 

5. 2.2. 1 A Program of Experiments 

Experimental tests should be conducted with x olunteers, 

dummies and cada\trs in a facllltl such as descrlbcd In Section 5. 2. 1. 

The acceleration environment Lvould simulate actual automobile colllslons 

and thus would produce human tolerance data that appl) directly to 

automobile impacts. hlanpower IS estimated to be approximately 48 mdn- 

nlonths \\ith a cost of $200, 000. 
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Where possible, test condltlons and environmental data for these 

proposed tests should be correlated with slmllar research conducted at 

other facllltles such as Holloman Air Force Base and the Natlonal Bureau 

of Standards. 

5. 2.2. 2 Accident Reconstruction 

It IS proposed that an analytical method be developed with 

which actual automobile accidents can be reconstructed on the basis of 

physical “on-the-scene” evidence. With the known accident environment 

and human Injury data from the accident, It would be possible to accurately 

relate InJury to speclflc condltlons of deceleration and loading. The 

reconstruction technique should be applied to all avallable accidents (1. e., 

both restrained and unrestralned occupants). Manpower IS estimated to be 

approximately 60 man-months with a cost of $200, 000. 

5.2.3 Analytical Slmulatlon of the Crash Victim 

An analytical slmulatlon of an automobile crash vlctlm 

should be developed for the case of 3-dlmenslonal motions, slmllar to the 

existing CAL planar model (Reference 1). The slmulatlun should be applied 

to supplement experimental tests In the development and evaluation of 

integrated seats. Manpower for this task 1s estimated to be 54 man-months 

with a cost of $180, 000. 

5.2.4 Evaluation and Development of New Concepts 

I 

A program of contlnulng research and evaluation of integrated 

seat concepts, as they evolve from the proposed programs and from Industry, 

1s proposed. Evaluation of hardware should be conducted on sled and crash 

test faclllties. Englneerlng evaluations and parameter studies should also 

be made by means of the analytical slmulatlon described in Section 5. 2. 3, 

above. Manpower 1s estimated to be 72 man-months with a cost of $250, 000. 
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5.2. 5 Passive (Occupant) Restramt 

Construct prototype passive restraint seats (2) for 

accelerator sled and full-scale vehicle requirements and determlnt 

performance requirements. Manpower required 1s cstlmated to be 72 

man-months with a cost of $250, 000. 

5. 3 Schedule of Proposed Research 

Please see chart on the following page. 

5.4 Task Prlorltles 

5.4. 1 Short Term Program 

The order of the tasks proposed for the short range rcscarch 

proi:lam reflects a priority ranking that 1s based on anticipated early payof s 

ln the reduction of lnlurles and fatalltles. The proposed tasks arc llstcd In 

Table 5. 4- 1. The seltcted order of the four main tasks places the ebaluatlon 

oi existing concepts first. This priority ranking 1s based on the fact that 

SC\ cral promlslng concepts exist which have not yet been subjected to a 

comprehensive program of evaluation and testing. Exl sting concepts would 

of course, produce the earliest payoff In reduced occupant Injury, If they 

proled to bt successful In tests. 

The prellmlnary design studies of integrated seats, would be expected 

to produce a sorncwhat longer range payoff In \le\\ of the fact that an 

unprcdlctable creatl~e process 1s lnvolbed. 

Wlthln the task of evaluating existing seat concepts, the sub-prograrns 

arc also ordered according to a Judgement of desirable prlorlty. Here, the 

1 It ldlng seat elaluatlon program 1s ranked first In flew of the pottntlal 

bc nc fits In fore-aft colllslons lndlcated by the analysis reported In Section 

2. 2. 
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Table 5. 4- 1 Short Term Program Prlorltles 

Speclflc Tasks, m Order of Prlorltles 

1. Evaluation of Exlstmg Concepts 

(1) Yleldmg Seat 

(2) Submarlnlng Response 

(3) Tlltlng Seat 

(4) Lateral Rtstralnt 

(5) Inertia Reels 

(6) Belt Tighteners 

(7) EffectlLeness Models 

Program Magrntude 
1 = Largest 

1 

(1) 

(3) 

(2) 

(1) 

(4) 

(4) 

(2) 

2. Prellmlnary Design Studies 2 

3. ACIR Neck Flexure Study 3 

4. Preliminary Performance 3 
Requirements 

The column at the right side of the table lndlcatcs the estimated 

relate\ e magnitudes of the proposed programs. 
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5.4.2 Long Term Program 

The proposed long range research tasks are ordered 

in Table 5.4-2 according to a Judgement of desirable priority ranking. 

The modified acceleration sled research is ranked first in view of the need 

for such a device in each of the other tasks. 

Human tolerance research is ranked second (1. e., after the develop- 

ment of needed equipment) because it is the key item in research armed at 

improving occupant protection. It is also ranked first in program magnitude. 

Long range payoff would be expected to occur somewhat later in the 

proposed analytical simulation research. The estimated magnitude of each 

of these tasks is approximately equal. 

The task of evaluating and developing new integrated seat concepts 

was ranked last in long-range priority, however, the proposed task must 

parallel analytical and experimental developments, since a continual 

e\raluation of new concepts is required to insure progress. 

Table 5.4-2 Long Term Program Priorities 

Specific Tasks, in Order of Priorities 

1. Modified Acceleration Sled 

Program Magnitude 
1 = Largest 

2 

2. Human Tolerance Research 1 

3. Analytical Simulation (3 - D) 2 

4. Evaluation & Development of New 
Concepts 

3 
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